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Soladyne 


A Division of Rogers Corporation 
7447 Convoy Court, San Diego, CA 92111 


MECHANICAL DESIGN GUIDE 


FOR 


MICROWAVE FREQUENCY 
PRINTED CIRCUIT BOARD FABRICATION 
ON PTFE BASED CERAMIC OR GLASS SUBSTRATES 


revision 85-H 


The following is intended as a basic mechanical design guide for your 
consideration of existing fabrication parameters of microwave circuit boards 
produced in production quantities by Soladyne, a Division of Rogers Corporation. 


MATERIALS 


At Soladyne, we fabricate circuit boards only on polytetrafluoroethylene based 
ceramic and glass dielectric materials. 


All MIL-P-55110 material that we use is certified to MIL-P-13949 dash numbers 
6,7,8, or 9. This includes types GT, GX, GR, GY, and GP. In addition, we process 
ceramic loaded PTFE and glass laminates that are not covered by MIL-P-13949 such 
as Rogers RT/duroid 6010, 3M E10, and Keene 810. Heavy metal backed Teflon board 
constructions also are not yet covered by MIL spec. 


HOLES —- UNPLATED AND PLATED 


Hole diameter minimums have a lot to do with the thickness of the material 
that the hole passes through. We call this relationship the aspect ratio. For 
example, a hole aspect ratio of 3:1 on a circuit board .063 inches thick would 
Suggest a minimum hole diameter limit of .021 inches. 


A hole diameter of .013 inches is our lower limit diameter on board thickness 
of .030 inches and less. For unplated holes in thicker materials, we can 
fabricate to a 5:1 or better aspect ratio. For plated holes, this value changes 
to 3:1. Design tip - if you need a smaller hole than the above aspect ratios 
allow, we recommend countersinking one or both ends to effectively reduce the 
board thickness in that area. 


Note that when a given hole is plated with .001 inches of copper - the 


specification included in MIL-P-55110, for example - the diameter "closes" by 
.002 inches, minimum. Please specify hole sizes as "finished", 


For all hole sizes less than .025 inches, the cost to fabricate is inversely 
proportional to the hole diameter due to drill breakage, handling problems, and 
higher drill costs. 


XL UNITS 


Soft substrate machining and holes are produced on CNC Excellon 
drilling/routing machines. Our XL-3 D/R, for example, can handle a maximum of 
66 X 24 inches. 


DEPTH WORK 


Precision depth work in the z direction must allow for the tolerances of the 
fabrication equipment and the tolerances of the material as supplied. 


We recommend that you specify depth work as a tolerance on the "material left" 
as opposed to on the "material removed". Another way is for us to build a 
special tooling fixture with a known distance from the baseplate to suspend the 
part in the z direction while machining. 


Consultation with our application engineers is recommended prior to setting 
difficult tolerances. Normally, for z direction dimensions we can hold +/- .002 
inches plus the thickness tolerance of the material itself as purchased. 


SLOTS MACHINING 


Through slots and pockets are produced with round tools. Thus the corners of 
the slots or pockets must have a specified radius or we must be permitted to go 
past the 90 degree corners in one direction or the other. For these features, a 
.030 inch minimum radius is recommended for most depths. 


PERIPHERY 


Most part peripheries are generated by routing. For high part quantities or 
peripheries that cannot be done with routing on materials less than .031 inches 
thick, we generally build a punch and die or a steel rule die to stamp out the 
part periphery. Depending on tolerances, shape complexity, size, and number of 
hits, the cost for this tool will range between $400 and $4000. For a steel rule 
die, tolerances of +/- .007 can usually be held. For a hard steel punch and 
die, tolerances of +/- .002 inches can be held. Some materials, such as woven 
glass laminate, do not punch cleanly. 
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For materials thicker than .031 inches, we must position and hold the part 
internally with two or more registration pin-holes and rout or mill the edges. 
Tolerance by this approach is recommended generally at +/- .003 inches, 
minimum, Again, it depends on things like flat size and material type. 


TRACE ETCHING 


Generally, Soladyne can produce .003 inch lines and gaps with subtractive 
technology on 1/2 ounce copper. This depends somewhat on the design itself, the 
location of the critical lines and gap areas, and gap terminations into a bent 
line which may trap etching materials. 


On one ounce copper, trace and gap tolerances of plus or minus .001 inches is 
normal. For higher precision tolerancing on traces or gaps, we recommend 1/2 
ounce copper for a tolerance of plus or minus .0005 inches. 


SODIUM ETCH 


Also called Teflon etch, this treatment is required as a surface preparation 
for PTHs, plated edges, and bonding of PTFE based substrates. The treatment has 
a limited shelf life and discolors some substrates. 


This process is not really an "etch" in that very little material, if any, is 
removed. Rather, the ions of the surface molecules are reoriented to accept 
electroless copper or bond film penetration. 


Our maximum panel size for routine sodium etch production is 12 X 12 inches. 
Larger panels can be accommodated by special setup. 


AUTOCLAVE BONDING 


At Soladyne, we utilize our autoclave for all bonding of multilayer or 
stripline designs. Our autoclave is state-of-the-art in that it is a digitally 
controlled thermal and pressure cycle for high repeatability of process. The 
advantage to an autoclave is extremely uniform pressure over the part ina 
vacuum, allowing a minimum of trapped air and a virtual guarantee of dielectric 
constant for maximum part performance. As an added service, we can provide 
ultrasonic "C" scan data on each of your parts as assurance of a void free 
lamination, 


Most of our customers specify 3M 6700 bonding film as the inner layer of 
adhesive for stripline constructions. This material has a Dk of 2.35 and a 
-0025 dissapation factor. The temperature cycle involves a controlled ramp to 
425 degrees F. Other adhesives are available for your design requirements. 
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PLATING 


We plate with all normal circuit board metals including: 


Electroless copper 50 X 24 inches max 
Electrolytic acid copper 30 X 24 inches max 
Electroplated Tin/lead 30 X 24 inches max 
Electroless gold 6 X 4 inches max 

Electroplated Gold 12 X 12 inches max 
Electrolytic Nickel 12 X 12 inches max 
Immersion tin 30 X 16 inches max 


All of these plating treatments have normal tolerances. For example, immersion 
gold plates out at about 20 micro inches. Some tolerances are included in 
existing MIL specs; for example, tin/lead plating is often specified by 
reference to MIL-P-81728A. 


Sometimes these thicknesses are specified in microns. One micron is equal to 
39 micro inches or 39 millionths of an inch. Conversely, there are 25 microns 
in a mil or .001 inches. 


Soladyne has a new SFT 158V Fluorescent X-Ray coating thickness gauge made for 
us by Seiko Instruments. This unit gives us precision measurements and 
statistical process data on plating thickness and alloy composition. 


EDGE PLATING 


It is possible to do 100% edge plating only by moving the parts on the rack 
while plating. Even this results in some rack marks on the part. Make certain 
that your specification allows for several .050 inches diameter rack marks if 
100% edge plating is required. 


We recommend a design that allows two or more tab areas .250 inches wide and 
the thickness of the part to connect the part in panel form with a processing 
windowframe to which we will attach our electrical contacts for plating. Note 
that this approach avoids rack marks on the part. If you are concerned about 
high frequency leakage at the tab areas, we suggest PTH mode suppression holes 
just inside the tab exposed edge. After plating we can go back and machine off 
the tab area to get the periphery to print. We do need .050 minimum on either 
side of the tab on the plated edge that may be "unplated" by this machining 
step. 
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POCKET PLATING 


Pocket plating on one side is routine. If specified on two sides of the part, 
plated pockets are very much more difficult due to trapped gas problems. 
Clearly, this is related to pocket depth - the smaller and deeper the pocket, 
the more likely air/gas entrapment will be a problem. 


SLD8501 PLATED THROUGH HOLES TO ALUMINUM PROCESS 


Soladyne holds the patent on a new plating process that allows superior bond 
of copper to aluminum. This attribute insures excellent thermal and electrical 
conductivity from the circuit side traces to the aluminum ground plane via 
plated through holes and edges. This innovation is much preferred over the 
older zincate pth process and allows replacement of the less reliable pin or 
rivet mechanical interconnection technique. Specify SLD8501 on your print - we 
will know what you want. 


NICKEL PLATING UNDER GOLD 


An inner layer of nickel between the copper and gold is not recommended for 
microwave designs. Instead, we suggest a relatively thick plating of 125 micro 
inches of gold to avoid any kind of copper "piping" concerns. 


Why? In any subtractive technology such as etching, the etch normally 
undercuts the copper slightly but not the harder nickel, giving an edge sliver 
of gold on brittle nickel which may be unsupported by copper on both sides of 
each trace. These slivers can break off and short conductive traces. If nickel 
is required, we recommend 1/2 ounce copper foil or less to minimize this 
effect. 


ART 


At Soladyne, we work with "one to one" art with no etch factor. We adjust the 
process to the art, not the art to the process. 


Typically, art is customer furnished on .007 inches thick silver halide mylar 
film, right reading glossy up emulsion down, both negative and positive. RRG is 
= "right reading glossy up". 


Our in-house camera handles 38 X 38 inch maximum size and records on a 8 X 10 
inch film. For unusually tough registration tolerances, we can produce the art 
necessary to double etch as a stress relieving step for dimensional control. 


ANNULAR RINGS 


For isolated annular rings at the end of a plated through hole, we recommend a 
minimum of .006 inches of ring as measured from the hole edge or .012 inches 
overall larger than the hole diameter. We strongly discourage the design use of 
unsupported plated through holes - holes that do not terminate at the surface of 
the board in an annular ring, pad area, or ground plane. 


NC TAPES 


Most drilling, routing, and milling is numerically controlled by programs 
which are generated by the Soladyne engineering staff. Customers must supply 
sufficient X and Y coordinate data in the form of hole listings on paper, on NC 
tape, or on MS/DOS or PC/DOS compatible 5 and 1/4 inch floppy disk. If this 
information is not supplied with the customer art and prints, Soladyne is ready 
to generate this data for additional charge. 


Our digitizer can handle art sizes up to 23.75 X 23.75 inches with resolution 
of plus or minus 0001, position accuracy of plus or minus .0002, and position 
repetition of plus or minus .0001 inches. Together, this results in tolerances 
of plus or minus .0005 inches for digitized hole locations from artwork. 
Usually, plus or minus .001 is more than sufficient. 


NRE CHARGES 


Non-recurring engineering/tooling charges at Soladyne can involve the 
following to build your parts: 


1. Bonding fixtures - used for bonded assemblies in the autoclave, 
these special aluminum fixtures are custom fitted to a given 
part size. If your part size does not fall into one of our 
fixture sizes in inventory at Soladyne, we build a custom 
fixture for your parts. Typically, these fixtures cost in 
the range of $500 each. 


2. Imaging plates - our proprietary imaging process involves a 
special fixture for your part. Again, if a plate for 
your panel or part size is not in our inventory, we build 
one —- cost is in the range of $170 each. 


3. Step and repeat of art - in order to achieve the cost 
advantage of multiple part processing in panel form, 
we may choose to step and repeat the art master - this cost 
ranges from $100 to $300 for the art master. 
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4, Punches - as required - costs range from $300 to $4000 as the 
part geometry dictates. 


5. Artwork modification for coupons - Compliance to MIL-P-55110D 
usually involves relocation and/or addition of coupons on your 
art in compliance with MIL-STD-275. If necessary, this charge 
is in the range of $500. 


6. Group A testing - This cluster of tests costs $75 per 
sample. The number of samples required per the sampling plan 
to achieve compliance with MIL-P-55110 is dictated 
by MIL-STD-275., 


7. Hydroscanning - On bonded assemblies, Soladyne offers 
hydroscanning test services on each board. First articles are 
$150, the next 10 pieces are at $50 each, unit pricing then 
drops to $25 each. 


PART NUMBER MARKING 


Part numbers on the part should be put in the art in a copper area. Because 
small copper characters standing alone on the substrate have low peel strength 
and are subject to handling damage, it is much better to show an etched part 
number as a negative so that the dielectric shows through as the character. 


Other options include a stamped or silkscreened part number on a copper area, 
embossing, or to use a vibrapen. 


MIL-I-45208 & MIL-P-55110 


Soladyne has been quality certified to MIL-I-45208 by numerous major military 
hardware suppliers. This a critical QA spec for traceability, calibration, 
controls, and capabilities. Soladyne is QPL certified under MIL-P-55110 as an 
approved supplier with applicable Group A and Group B testing for Types I and II 
microwave frequency circuit boards. The current revision level is "D" and 
Soladyne is approved to that level. 


Soladyne Division Telephone number is 619-279-7872 
Rogers Corporation FAX number is 619-277-9105 

7447 Convoy Court TWX number is 910-335-1738 

San Diego, CA 92111 FSCM number is 55655 


; -— . 
e Pie 7 > 
= » % 
“® 
1 
¥v ~ ‘ ¥ ~ ‘ « = I cughts 
) OO0Ga2 of GER mot? saagt 23200 - Setlehes ea = ahictscd 
’ ‘ 
sASTAZIIG Visa” 37 
-* io iiiqu foguo> toi AezTeabift>om #ArewastAk” . 
- > efron *o ols bra cokisootia aawtfoval vilsues 7 
tati>D BIoJ .vise ae? oo Sié- 8 age ‘siteeads al ia 
az ES 
P 350 .« L vi J Oliv . 
% 
- iynee 7 ; . =i Qtas 
; £ 24 o3 
~ p | A “d 
neaneosbye- .¥ 1” 
“b> 
53 ,UGiet 
S15 
* 
i f : 7 win Sts 
. a * " aa 
7 7 i bi 
4 = a a Pa, oa ©: 
4 4 Nay 29830 
a ~ ~ | 
£ > 35 . ssacdd0 ° 
a 
Rae 
_ ~~ « * a Ti A " > 4 
j ‘ til 4 p i ew i? Vos LUO KBRG @an si ¢ eL0c 
» de “ ° , 
ge 40 fLleszalto «@ eli 2%eliswe oywvbiat ~ 
r *% - ¢ - z is ‘ 
Mp el savbaiog ..uebritinegss bea ,geotiaos | 


; S73 Xe 6 A quoi? sidapiiaqgs faty asiigeue bevomes 
ta “G Ed | nolaives Jtnetwo edT .abveod sivo7ts yomsupat? svsworsin 
feral god3 og bevetggs «) snuvhelot 


a 2 _ 


4 


S1BY+EV5-010 at todeun enodgqelaT. 
CSHTES-Ri0 at sedan KAT 
GEN I-ELE-—OIS £t aedmed RT. 


ca 


7 
ae 


THIENSE TUM MICROSTRIP «CIRCUIT 
PRODUCTION MANUAL 


Presented to James B. Beyer 


University Of Wisconsin -- Madison 
Department Of Electrical Engineering 


Produced by Morgan K. Culver 
August 1, 1984 
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Tia Hiam Microstrip Circuit..Production 


The following steps describe the procedure for design and 
Peeemorronsot thin film microstrip circuits on substrates such as 
alumina with gold/chromium metal cladding. The general procedure 
is as follows: 


feetheetarst step involves designing the microstrip circuit 
including all line widths, lengths, and all other dimen- 
sions required for later circuit production. This step 
will determine the outer dimensions of the substrate on 
which the circuit will be etched. 


2. Next, the layout is redrawn about twenty to twenty-eight 
times the actual dimensions and drawn to scale ona large 
piece of paper. 


3. A large sheet of rubylith, the same size as the enlarged 
Meewing,. 1S then cut to;the pattern of- the circuit layout. 
Depending on which type of photo resist is used to etch 
the gold cladding, rubylith is removed from parts where 
the microstrip will appear and left untouched on the 
adjacent areas or visa versa. 


4. The reduction camera exposes and reduces the pattern cut 
into the rubylith onto a glass plate which forms the mask 
used in the wafer etching process. This mask will be the 
Berid l Spze OL the circuit. 


5. After preparation of the wafer, photo resist is spun 
uniformly onto the wafer using a spinner where the 
rotation speed and resist thickness can be controlled 
accurately. 


6. Next, the glass mask and the prepared wafer are placed in 
the mask aligner where the mask is aligned with the wafer. 
Then the mask and wafer are exposed to ultraviolet light. 
Certain areas of the wafer are protected from the light 
by the mask whereas the areas uncovered by the mask are 
exposed by the light. 
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The wafer is then developed to remove all exposed photo 
resist leaving the bare metalization uncovered. In this 
step the wafer is also baked to polymerize the unexposed 
resist and hence protect the underlying metal from being 
removed in the etching stage. 


Using the correct etching chemicals the unwanted portion 
of the metal cladding is etched away leaving the micro- 
Beep Carcuit. pattern: ‘intact. 


Finally the substrate is cleaned of any remaining photo 
resist and is then mounted in the device outer casing 
where all remaining elements, FET's, connectors, etc., 
are soldered into place. 
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In the material that follows, this generalized procedure is 
broken down into more specific steps which contain detailed 
information concerning the materials required, specific processes, 
and other information leading to the production of thin film 
microstrip circuits. 


Page 
Unit 1.- —- - Making The Enlarged Scale Drawing. 4. 
Saeco ee = — Cutting The Rubylith Pattern. oe 
inet = Exposing The Glass Mask Using The Reduction 8. 

Camera. 
Unit 4. - - - Developing The Glass Mask. Nae 
faeeeoe- — - Preparation Of The Wafer With Photo Resist 1e6% 
And The Spinner. 

wae. -— — - Exposing The Wafer Using The Mask Aljigner. Ze 
Unit 7. - - - Developing The Exposed Wafer. 24. 
Unit 8. - - - Etching The Wafer. che 
fete eoe == — Cleaning Of The Finished Microstrip Circuit. ale 
Appendix A. - Chemicals And Material Supply Information. Bus 
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att: 1. Making The Enlarged Scale Drawing. 


The reason for making an enlarged scale drawing is to provide 
eeeeternaearom which to,cut the rubylith. » Since ‘the actual size 
Of a microstrip line is very small, less than 1 mil (#25 pm) in 
some cases, it is impossible to make an accurate mask without 
first enlarging the design on paper and then allowing the camera 
Penman ao Make the critical reduction back to the original circuit 
size. 


The operating limits listed below are imposed by the reduction 
camera: 


Maximum enlarged drawing and rubylith size........ 2ijnews0'. 
Maximun size of substrate which can be used....... ‘acer We 
Ceereeractor range available. .ss..ssveeeceees 2 Oe5 Xeit or 28 X. 


Most microstrip patterns that require thin film production are 
designed on substrates no bigger than 1" x 1" square. As an 
example; For a circuit to be realized on a 1" x 1" substrate, 
using the smallest reduction factor (20.5) the outer dimensions 
Spetne enlarged scale drawing should be about 20.5" x 20.5" 
Square. Therefore, remembering that the largest drawing width 
allowed is 21", this example represents the approximate limits of 
operation using the reduction camera. Any smaller substrate or 
rubylith size may be used. 

Asa general rule; "The larger the reduction factor, the 
easier it is to realize very small line widths and the more 
accurate the enlarged scale drawing can be. The smaller the 
reduction factor, the larger the overall dimensions of the 
subpStrate can be.''. Hence, to: realize 1 or 2 mil line widths ona 
smaller substrate, a larger reduction factor may be used but to 
use a full 1" x1" substrate a smaller reduction factor must be 
used. 


Keeping the previous constraints in mind, the steps for 
making the enlarged scale drawing are as follows: 
1. Decide on the substrate size to be used. 


2. Choose a reduction factor that falls within the con- 
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straints of the reduction system and does not magnify the 
outer dimensions of the substrate greater than 21" x 30". 


3. Multiply the outer substrate dimensions by the chosen 
reduction factor and cut a large sheet of white paper 
to those dimensions. White construction paper works well 
fereciis step. 


4. Multiplying each microstrip dimension by the reduction 
factor, carefully draw the circuit pattern on the paper. 
Use a drafting board or similar arrangement to allow an 
Becurate reproduction of the circuit pattern. Also, use 
a dark soft leaded pencil or better yet, a black ink pen 
Geena fine point since a drawing line that is too wide 
Meeieeresult in reduced rubylith cutting accuracy. 


5. Recheck all multiplications and dimensions on the 
enlarged drawing. . 


Wiad 2 « Cuttingetheukubyiith Pattern. 


Rubylith is a translucent material composed of two sheets of 
Seeeetc film back to back. One sheet is clear and is used asa 
backing. The other sheet is colored andes used to Dilock Light 
from passing through the rubylith. Red rubylith is required for 
the existing system since the screen of the reduction camera is 
green and the combination of this green light with the red film 
yields a black background and blocks out all light from passing 
to the camera lens. Therefore, the portion of the rubylith which 
still contains both layers of film will block the light and the 
portion where the red film has been removed (leaving only the 
clear backing) will pass the light. 

After the large scale drawing has been completed the rubyliztn 
must be cut into the correct pattern. Depending on whether 
positive or negative photo resist is used for the etching stage, 
the red film must be removed either from the microstrip circuit 
lines or from the surrounding areas adjacent to the microstrip 
layout. 
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When positive photo resist is used: (See figure 2.1) 


The rubylith must be cut such that the red film is removed 
from the areas where the microstrip circuit lines will be and not 
removed from the surrounding areas. The light that passes 
through the clear strips exposes the emulsion on the glass plate 
along the microstrip lines. The rubylith left on the area 
Surrounding the circuit lines prevents the light from passing to 
the camera and therefore does not expose the emulsion on the 
glass plate. 


The resulting glass mask will be dark along the circuit 
lines and clear everywhere else. 


After the positive photo resist has been spun on the wafer 
and the aligning has been accomplished, the wafer is exposed to 
ultraviolet light. The subsequent developing stage then removes 
photo resist on the exposed areas surrounding the microstrip 
circuit lines. Baking the wafer polymerizes the photo resist not 
exposed to the light and hence protects the metal cladding from 
being etched. 


Chemicals then etch the bare metalization where the photo 
resist has been removed leaving the metal cladding untouched on 
the microstrip lines. 7 
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WOTE: The existing chip production system utilizes 
positive photo resist and the rubylith should 
be cut accordingly. Under the assumption the 
current set-up will be used in the future, the 
remaining material in this manual describes the 
production process using positive photo resist. 
However, the same procedure applies if negative 
photo resist is used with the rubylith cut 
according to the following paragraphs. 
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Figure 2.1--- a) Rubylith pattern. b) Exposed 
glass mask. c).Uncoated wafer. 
d) Wafer with photo resist coating. 
e) Wafer after exposing and developing 
Stave. eo eetched Microstrip circuit. 
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When negative photo resist is used: 


Moeerubylith must be cut such that the red’film is not 
removed from the areas where the microstrip circuit lines will be 
and is removed from the surrounding areas. The light that passes 
through the clear area exposes the emulsion on the glass plate 
surrounding the microstrip lines. The rubylith left along the 
circuit lines prevents the light from passing to the camera and 
therefore does not expose the emulsion on the glass plate. 


The resulting glass mask will be clear along the circuit 
lines and dark everywhere else. 


After the negative photo resist has been spun on the wafer 
and the aligning has been accomplished, the wafer is exposed to 
ultraviolet light. The subsequent developing stage then removes 
photo resist on the unexposed areas surrounding the microstrip 
circuit lines. Baking the wafer polymerizes the photo resist 
exposed to the light and hence protects the metal cladding from 
being etched. 


Chemicals then etch the bare metalization where the photo 
resist has been removed leaving the metal cladding untouched on 
the microstrip lines. 


The following steps indicate the correct procedure for 
making the rubylith pattern: 


1% Cut a large piece of rubylith the same size as the 
enlarged scale drawing. 


PeemMaking sire the red film side is up, tape the rubylith 
over the drawing to a smooth cutting surface. 


3. Using a straight edge and X-ACTO KOeee Tr oitily trace all 
circuit patterns being careful to only cut through the 
red film and not the clear backing. 


Note: In the event some of the circuit lines must extend 
to the edge of the wafer, be sure to cut these 
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lines all the way to the edge of the rubylith. 
However, in the event the outer casing, sometimes 
referred to as the "carrier," will be close enough 
to the finished circuit boards to cause excessive 
parasitic coupling between the end of a microstrip 
ine: andethewcarrier, the microstrip should not be 
‘allowed to extend to the end of the substrate. 
Instead, the rubylith should be cut such that the 
actual line length stops approximately 2 mm to 3 mm 
short of the edge of the substrate. In the event 
Ehesesdunes: will be used as input or output lines, 
the microstrip lines should extend just far enough 
to allow the connector center conductor to reach 
thnescircuit line. 


feeettipsaway the'red film fromthe circuit dine area: »This 
may be accomplished by sliding the point of the knife 
under the edge of the film (preferably at a corner) and 
then pulling gently. 


5. The rubylith should be kept free of dust and dirt. 
Rolling it inside the scale drawing paper works well. 


Patt 3s Exposing The Glass Mask Using The Reduction 
Camera. 


The microstrip pattern is transferred onto a glass plate 
also known as the "mask" via the reduction camera. The optical 
properties of the camera allow symetric reduction of the enlarged 
circuit pattern down to actual size. 

The rubylith pattern is mounted to a green luminescent 
screen which projects the circuit image onto the camera lens. 
The camera reduces the image 20.5 to about 28 times. Under 
correct aperture and exposure time, the camera exposes the glass 
plate which is coated on one side by a light sensitive emulsion. 
The plate is then developed using a special developing process. 
The reduction camera is located in Rm. B420 Engr. Bld. 
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The proceedure for using the reduction camera is as follows: 


feeobtain the following list of materials; 


es 


a. Mild window cleaning solution and soft cloth. 

b. Tape. (preferably masking tape) 

Searubvlith pattern. 

d. 35' three prong extension cord. 

e. Camera lens mounted in a cubical bracket. 

£. Photo sensitive glass plates. These are 2" x 2" 
high resolution plates which are stored under 
refrigeration. 

g. Wafer test plate with predeveloped pattern where 
the exact distance between two pattern edges is 
known. 

h. Assorted optical elements for view finder. 

i. Key for the camera room. (Rm B420 Engr. Bias) 

@eeneiight tight case to ;store exposed glass plates. 


The glass plates should be allowed to warm to room 
temperature before using to prevent uneven exposure 
density. 


Upon entering the camera room, note thewlocation..o: the 
reduction camera against the North wall then lock the 

door to prevent anyone from accidentally entering the 

room during exposure. It is a good idea to make a large, 
noticeable sign to be placed on the outside of the door 

to inform everyone that "exposure is in progress" and that 
the door should not be opened for any reason. 


Turn off all lights momentarily and check for light leaks. 


There are two screens associated with the current set-up 
of the reduction camera. One screen is mounted at the 
end of the camera adjustment rails and is not used for 
large scale reductions of this type. Open the two 
latches on the edge of the hinged glass plate and Swing 
this portion out of the way. Remove the board insert and 
set aside for the duration of this procedure. The screen 
used for large scale reductions, i.e. 20.5 to 28 times 
reduction, has a green translucent covering and is 
located against the East wall of the room. After plug- 
ging in the screen, turn it on and gently clean the 
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screen with the window cleaner to remove any spots Oueola 
tape marks being sure not to scratch the plastic screen 
surface. 


Remove the camera lens compartment dust cover and insert 
the camera lens in the opening with the shutter release 
extending out of the compartment. 


Open the aperture to its widest setting (£.9), cock the 
shutter and trip the shutter release once to open the shutter. 


Place the glass test pattern in the camera plate holder 
with the emulsion side facing the screen and adjust the 
horizontal and vertical controls until the screen image 
is centered on the glass plate. 


Using the optics and the view finder, focus the view 
finder on the emulsion side of the glass plate. The test 
pattern should be in focus. 


Adjust the camera lens position to provide the correct 
amount of reduction between the screen and the glass 
plate. One way to accomplish this is as follows: 


By varying the distance of the camera to the 
screen and by placing two pieces of tape on the 
screen determine the exact position of the lens 
on the camera mount such that the known pattern 
Spacing on the test plate when multiplied by the 
correct reduction factor corresponds to the 
distance between the two tape strips on the 
screen. Remember that the tape strips must be 
in focus at the same image plane as the emulsion 
side of the glass plate. This stepis crucial 
to insure proper strip widths and lengths of the 
Tanad MicroOstrapecif£cuihys 


After the correct lens position is obtained, lock the lens 
mount in place with the pull lever and recheck all focusing 


adjustments. 


Tape the rubylith pattern in the center of the screen 
with the clear backing side against the screen. Position 
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18. 


the tape at points around the perimeter to insure contact 
between the pattern and the screen at all points. 


Set the camera aperture to £.22 and cock the shutter to 
the completely cocked position. 

Position the unopened box containing the unexposed glass 
plates in a familiar position easy to reach in total 
darkness. 


Note: When the box is opened in the dark, the emulsion 
side of the glass plates may be found by feeling 
around the edge of the glass holder insert fora 
small pointed ridge. (See figure 3.1) The ridge 
points in the direction of the emulsion coated side 
of the plates. 


Place the light tight case used to store the exposed mask 
in a position close to the camera plate holder where it 
can be reached in total darkness. 


Note: Practice the following steps a few times since they 
will involve movement in total darkness. 


Turn off all lights including the screen light. 

Remove one plate from the box containing the unexposed 
plates keeping track of the emulsion side of the plate 
then CLOSE the box. 

Place the glass plate in the camera plate holder with the 
emulsion side facing the screen and close the holder 
cover. Be careful not to scratch the emulsion during 
this step. 


Turn on the screen light. 


Trip the shutter open and expose the plate for 5 minutes 
then trip the shutter closed. 
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Figure 3.1--- a) Glass plate holder, top 
view. b) Enlarged view with 
emulsion indicator ridge. 
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19. Turn off the screen light. 


20. Carefully remove the glass plate and place it in the 
feet tight case./) "Be sure! to remember the orientation 
of the emulsion side of the plate in the case. 


feeernrn on the lights again. 


When finished using the camera, replace the lens compartment 
cover, the short range screen insert and hinged glass cover, 
cover the camera with the plastic covering to keep it free of 
dust and dirt, remove all tape from the screen, and be sure all 
lights are out when leaving the room. Don-tutorget to lock =the 
room. 


mit 4. Developing The Glass Mask. 


Developing the glass plates involves approximately the same 
technique as developing a role of film except for a few minor 
differences. After all solutions have been mixed and placed in 
shallow dishes, the plates are rinsed, developed, rinsed, fixed, 
and then rinsed once more. The final step involves removing all 
water droplets from the surface with a Methanol and water bath. 
The dark room is located in Rm. 2553 Engr. Bld. 


The procedure for developing the exposed glass plates is as 
follows: 


1. Obtain the following list of materials: 

a. Five shallow glass dishes. Small Pyrex petri 
dishes work well. 

Hou 2 iter: ofidistidded water,eoThis may be labeled 
aoe... H50. 

c. Kodak D-19 developer. 

d. Kodak Rapid fixer (solution A). 

e. Fixer hardener (solution B). 

Pesciming clock. 

g. 10 ml graduated cylinder. 

h. Mild dish detergent. . 

i. Plastic squeeze bottles of distilled water and Methanol. 
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2. Clean all dishes and beakers with a little detergent. 


SeePilace the light tight box containing the exposed glass 
plates, the five petri dishes Ana: the timing clock “in a 
position where they can be reached easily in the dark. 
Be sure to orientate the box such that the emulsion side 
of the plates is known. 


Pen the following ratio of D-19 developer powder and D.l. 
HO in a small beaker by first, heating the D.I. H50 to 
about 52 °C and then second, slowly add the D-19 powder 
under constant agitation. o 


(D-19 developer) : (D.I. H50) 
S95e0 ee Shyish ei opm ek: 


Suggested solution amounts: 9.4 g of D-19 powder 
6020 mLror yD .1- 50 


Note: This is enough mixture to develope two plates. 


5. Pour approximately 30 ml of the D-19 developer in one 
dish and allow to cool to about 20 °G 


6. Mix the following ratio of distilled water, fixer (solution A), 
and hardener (solution B) in another dish. The resulting 
solution may turn cloudy when mixed but will cause no bad 
side affects. 


‘Giese it H50) - fixer (sol. A) : hardener (sol. B) 
20 : 10 : 1 


Suggested solution amounts: SOM TLL. Lie atta U 
1Oemie tixer (sol. A) 
wml naraener (so... 8) 
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7. Pour approximately 30 ml of distilled water in each of 
the remaining three dishes. 


8. Place all dishes in the following orager strom leLt co 
Fight: 


pre-rinse, D-19, D-19 rinse, fixer, final rinse. 


Be sure the dishes may be reached in order in Bota 
darkness. 


9. Set the timer for 5 & 1/4 mins. 


Note: The next few steps are done in total darkness. 
The following time schedule should be memorized 
before proceeding. 


feeeturn off the lights. 
fier vace the glass plate to be developed, always with the 


emulsion side up, in the dishes SYeleleralebhalep que) keiel= 
following time schedule: 


Prey te ua cs leje © eee eck te oT Ate 
D-19 eeeeeeeee eeeesee 4 & a Gy a: mins. 
Der 1 9) OPSTES C59. atel oieveie.= . 30 “secs. 


Ed te deri he othe gate « 8,0 Be On. 
fT te li seats lete sents e PS RLS . 


The clock alarm will sound after the pre-rinse and D-19 
stages and should be reset to about 7. mins. and 
restarted at the D-19 rinse stage. Slowly agitate the 
dishes during all stages with only 1 min. of agitation 
required for the final rinse stage. 


Note: In the event there is more than one undeveloped 
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plate in the ligh tight casing be sure to reclose 
the case right after taking out the Dileawe tobe 
developed. | 


12. Turn on the lights after 1 min. of the final rinse stage. 


Haeewhile in the final rinse stage, clean three of the dishes 
with the detergent and dry. 


14. To remove all excess water the plate is cleaned with 
distilled water and Methanol. Mix the two A ia a ie Ws 
according to the following ratios and pour each mixture 
in the three clean dishes. 


(Methanol) = (D.i. H50) 


Mixture A. . 1 " p 
Mixture B. 1 : 1 
Mixture C. 1 P 0 


145. Arrange the dishes in the mixture order A, B, C, from 
Mere lO, cLont. 


16. After the final rinse stage, Place the plate insthe three 
mixtures according to the following time schedule: 


Mixture A. A5 «secs. 
Maxture B. 45 secs. 
Mixture C. 45. secs. 


17. Finally, Place the developed glass mask back in a protec- 
tive box or wrap in a tissue. Care should be taken not 
to scratch the emulsion from this point on. 


18. Reclean all dishes and beakers, return all chemicals and 


supplies to their proper storage place, and leave dark- 
room in the same clean condition as it was upon entering. 
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ina. 53 Preparation Of The Wafer With Photo Resist 


And The Spinner. 


In order for the wafer, somtimes referred to as the enip, to 
be patterned as a microstrip circuit the wafer must be covered 
with a thin film of photo resist.” This is accomplished through 
the use of a spinner which insures a uniform coating. The rotation 
speed is controlled such that slower speeds result ina Ehieker 
coat and faster speeds yield a thinner coating. When exposed to 
ultraviolet light via the mercury lamp in a mask aligner, a 
portion of the photo resist becomes exposed and is removed in the 
following developing stage. The unexposed portion is polymerized 
during the baking stage and hence is protected from the etching 
chemicals. The "clean" room located in Rm. 2436 ENOL. eres 
contains many of the required supplies for this procedure. There 
are a few rules which must be followed when using this clean 
room: 


1. No shoes allowed in clean room. 

ee Keep! doors and curtains closed. 

3. Never turn off ceiling fan. 

4. Keep the flow bench running at all times. 
5. When finished, fill in log book. 


* The photo resist currently being used is AZ-1350-B or 
Microposit positive resist which is red in color. 


The procedure for spinning photo resist on a wafer is as 
follows: 


1. Obtain the following materials: 
a. Tweezers. 
b. Pyrex petri dish with cover. 
eeiwafter(s) to"be spun. 
d. Light tight case. 


e. Less than 1" outer diameter rubber washer. 


2. Turn on No tank valve. Adjust the output valve to {Be 
pais. Bris, 1s thein. blower supply. 
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TO, 


After entering clean room, Turn on the flow bench table 


light and turn on the N»5 blower valve located on the South 


Wail. 


Turn on both glove box blower and vacuum switches. 


Note: The vacuum switch should be off any time the spinner 
chuck vacuum is not in use. This increases the 
lifetime of the vacuum system. 


Turn oven on and set temperature between 85 and 90 ccs 
The middle switch position is off and the upper position 
is on. 


Turn on spinner fan and light above glove box, 

Place plastic spray cups around spinner Chutes. 

Turn on spinner power and set for a rotation speed of 
1000 rpm. This corresponds to the dial pointing towards 


the far left slash mark. The rpm scale is not accurate. 


Set the R/S switch to the 1 sec. setting and adjust the 
spin time knob for a spin time of 15 secs. 


Fill syringe with approximately 1 cc of photo resist. 
Note: Never pour extracted photo resist back into the 


photo resist supply bottle as it will contaminate 
the resist. 


At this point the wafer must be placed on the spinner 


vacuum chuck. Wafers are usually sealed in dust free 
pouches. In the event a nonprotected wafer is used or 
the wafer must be precleaned before spinning, follow 
the "Wafer And Photo Resist Cleaning Procedure" before 
placing on chuck. 
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Note: Never touch wafer with fingers as finger grease 
can not be removed from the metal surface. Always 
use a tweezers and pick up wafer at corners only 
since they rarely are used in the microstrip layout. 


Since microstrip circuits require a ground plane the 
photo resist must be spun on both sides of the wafer. 
The resist spun on the top is exposed to light to make 
the desired circuit pattern. The resist spun on the 
bottom will prevent etching of the surface metal used as 
a ground plane. Two layers of photo resist should Pimst 
be spun on the bottom each followed by a soft bake. Then, 
the top layer is spun followed by another soft bake. A 
NMeortt bake refers to a baking process which does not 
polymerize the resist whereas a "hard" bake refers to a 
procedure where the wafer is baked at a higher tempera- 
ture resulting in polymerization of the photo resist. 


Place waterioni vacuum chuckiand turn om the spinner 
vacuum switch. The vacuum gauge should show a vacuum 
reading of at least 15. 


PooLy the photo resist tothe center of the wafer until 
it spreads out to approximately 1)/ A, inch ihrom«thewedge. 
The resist should not be allowed to run over the edge as 
this will cause excess deposits of resist on the other 
side. 


Start the spinner with the red start button. It should 
spin for approximately 15 secs. 


After the wafer has stopped spinning, turn off spinner 
vacuum, grasp the wafer by the corner with the tweezers 
and place in the Pyrex dish. 


NatecaDmenotuuselaimla&btic:dishias it will:melt in the 
oven. 


Bake the wafer in the oven for 10 mins. at 85 to 90 On 
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16. To insure a thick coating of photo resist to protect the 


1g ary 


18. 


bottom metal surface, repeat steps 10 through 15 to Spin 
a second coat of photo resist on the bottom then proceed 
to step 1/7. 


Place the rubber washer on the vacuum chuck. This will 
provide a smooth surface on which to place the wafer 
bottom preventing any damage to the prespun resist. This 
washer should be smooth and pliable enough to still allow 
the vacuum gauge to reach a reading OL Flo 


Place the wafer on the washer with the prespun side down 
and repeat steps 10 through 15 to spingstheytopmofe«the 
wafer. 


Note: From this point on extreme care should be exercised 
not to scratch the photo resist on either top or 
bottom as stray metal spots or unwanted breaks in 
the circuit lines may result. The wafer should be 
kept away from chemicals such as Acetone which is 
used as a solvent to remove photo resist. 


19. Place the covered Pyrex dish containing the finished 
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wafer in the light tight case. 


Using a little Acetone andaQ tip swab, clean the 
spinner chuck of all photo resist. 


Discard excess photo resist in syringe and clean syringe 
and plastic spray cups with Acetone. The cleaning may be 
performed in the Thin Pilm Lab in room 2439 Engr. Bld. 


Turn off; spinner vacuum, power, fan, light,.N> blower 
valve, system vacuum and blower switches, oven, and 
finally, the flow bench light. Double check to make sure 
the vacuum switch is off! 


Be sure the curtains and doors are shut on the clean room 
when finished. 
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Wafer and Photo Resist Cleaning Procedure. 


In the event the wafer must be cleaned before resist spinning 
or the spinning process must be repeated, the following procedure 
lists the steps involved for cleaning the wafer. 


1. Obtain the following materials: 
a. Plastic squeeze bottles of Acetone and Methanol. 
b. Tweezers. 
c. No blower. 
d. Excess solution dump dish. 


2. Turn on Ny tank valve? edgust thetoutputivalve tonld 

3. Using tweezers to hold the wafer over dump dish, wash 
wafer free of photo resist with Acetone. 

4. Rinse wafer with Methanol. 

5. Blow wafer dry with N5 blower. 

6. Place cleaned wafer in Pyrex petri dish and coves. 

7. Empty dump dish in sink and clean with a mild detergent. 


eee euLrn OL fen. supply. 


rit 6. Exposing The Wafer With The Mask Aligner. 


The mask aligner is a device which accurately aligns the 
wafer under the glass mask and then exposes the wafer to a source 
of ultraviolet light. The light is provided by a mercury lamp 
housed: in’ the rear of the unit. 

The following steps indicate the correct procedure for using 
the mask aligner currently located in the VecwieanesrOOmmoLl ood 
Siar. Glo. in case’ the "screen" room is not darkened from stray 
ultraviolet light, some form of light curtains should be hung up. 
The room does not have to be light tight but should be somewhat 
dark to prevent excess ultraviolet light from pre-exposing the 
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wafer. 


Obtain the following materials: 
a..Glass mask containing the desired ecizcuucepattern. 
b. Prepared wafer stored ina light tight case. 
i. 1weezers. 
d. Lens cleaning paper. 
e. Spacing washer. 


Turn on the Ny tank valve. Adjust the output valve to 50 
psi: 


Extend the vacuum pump exhaust hose out an open window. 


Upon entering the "Soreen" room, close the door, and blind 
all outside light. 


Turn on the overhead lamp & mask aligner power switch and 
plug in the vacuum pump. Adjust the external aligner No» 
valve to 50 psi. 


Manually lift the head to the full upright position and 
place the glass mask in the metal holder with the 
emulsion side down. The mask should fit securely into 
the white pliable seal of the mask hotder.) Carershould 
be taken not to damage this seal. After the maskeis™=secure 
in the white seal, press down on the corners of the mask 
until the small vacuum gauge located on the lower left 
panel indicates a small amount of vacuum. A reading of 5 
or higher is desirable. A poor seal of the mask in the 
metal mask holder will result in unwanted movement of the 
wafer beneath the mask while in contact mode. 


Place the holder in the position slots and secure in 
place with the black clamp ring. 


With slight pressure applied to the clamp ring, Curn On 
the clamp switch located at the left and check fora 
secure clamp ring fit. 


Cycle the turn table contaning the vacuum chuck to the 


front position by using the table turn button located at 
the*left,’ place the spacing washer on the center of the 
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chuck, then, with the tweezers place the wafer on the 
washer and check for good wafer vacuum. A spacing washer 
is required with this aligner to position the wafer close 
enough to the mask when the wafer is cycled between 
contact and seperate modes. 


Cycle the turn table to the rear position and press the 
red contact button located on the manipulator. This will 
bring the chuck and wafer up in contact with the glass 
Peeceeewcontact 1S indicated by the Lighting of the red 
GamniactsLED.locatedeatythe right, of the, manipulator. 
After approximately 1 sec. the chuck will drop into 
separate mode and the green LED will light while the red 
light goes out. 


In separate mode, the manipulator may be used in to 
position the wafer in the correct position under the 
mask. »Press and hold-the scan.button. located on the left 
while moving base plate to move the entire chuck and mask 
assembly together. With the scan botton released, moving 
the manipulator while pressing the white button allows 
large scale motion of the wafer under the mask. Moving 
the manipulator without pressing any buttons results in 
very fine wafer adjustment. The rotation knob at the 
front left of the base plate may be used in separate mode 
to rotate the wafer under the mask as much as 5° either 
direction. 


Note: The wafer may not be moved under the mask while in 
contact mode but the scan feature works in either 
contact or separate mode. 


Turn on the mercury lamp power switch, ignite the lamp 
with the lamp start switch and allow to warm up for 5 
mins. nelry.tonshteld asemuch stray ultraviolet light from 
the wafer as possible. 


Cautions Dosnot.look.direct.ly atwtheiultraviolet 
light or severe eyesight damage may result. 
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13. After approximate aligning of the wafer and mask in 
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separate mode, press the red contact button to bring the 
wafer up in.contact. Lower the head and then, using the 
optics provided, focus on the surface of the metal 
cladding then use the scan feature to recheck wafer 
alignment. Pressing the red button on the manipulator 
cycles the wafer between contact and separate modes for 
realignment if necessary. 


Note: If the wafer shifts under the mask while in 
contact mode or if the wafer moves slightly, under 
the mask when cycling between contact and separate 
modes, check the small vacuum gauge on the left 
panel for a vacuum reading Omvany amountes an Lhe 
event there is no reading, press down on Gne 
corners of the mask to allow a good mask Sear T's 
should cause a rise in the vacuum gauge reading to 
about 5 or more and should correct the problem. 


The aligner may be returned to the reset mode at any time 
by pressing the reset button located on the left. In the 
reset mode the chuck will drop away from the mask where 
it may be tuned to the forward position using the turn 
table button. 


Set the exposure time for 20 sec. and press the expose 
button located to the left. The head will raise and 
extend forward. The aperture will open and expose the 
wafer for the set time. Then, the head! will returneco 
the retracted position and the cnuck wel ivdrop.es the 
aligner returns to the reset mode. 


Turn off the mercury lamp. 
Note: Refrain from turning the mercury lamp on and off 
frequently as it reduces the lamp lifetime. Allow 


at least a 20 min. cool down time before reigniting 
the lamp. 
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17. Cycle the table to the forward position, and place the 
exposed wafer in the light tight case for future developing. 


18. Remove the glass mask and reinsert the test mask in the 
holder. 


19. Unplug the vacuum pump. Turn off the aligner power. 
Gover the 'aligner with the dust cover. “Turn off the 
overhead lamp. 


wus f2urn off the N5 tank valve and pull inthe vacuum system 
exhaust tube. 


Unit 7 Developing The Exposed Wafer. 


To remove the exposed photo resist from the areas adjacent 
to the the microstrip lines, the wafer must be developed. This 
may be performed in the clean room in 24360 ENO oa. eS 
is a relatively simple procedure and is described here: 


1. Obtain the following materials: 
a. Exposed wafer. 
b. Plastic squeeze bottle of distilled water. 
c. AZ-Developer. 
d. 0 mit ograduated: cylinder. 
ef icma lie'mixing *di-sh 
fF. No blower. 


2. Turn on oven to 120 °C. 


emia ae = SoOlutHOn. of (D.F. H50) : (AZ-Developer) in the 
mixing dish. Approximately 15 ml of each should be 
sufficient. 


4. Place wafer in mixture and agitate until the circuit lies 
are well defined and the unwanted photo resist has been 
removed. Be careful not to develope so long that the 
photo resist is removed from the Gincuit lines. >This 
should take approximately 5 to 10 secs. to completely 
develope the wafer. 
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5. Rinse wafer with D.I. H 0 and blow dry with Np. 


faiBaie water in oven at120:CC fors12%mins. .This will make 
the remaining photo resist insensitive to light. 


7. Atter baking, ‘place wafer in Pyrex dish and cover. 


8. Discard remaining developer mixture, clean dish and 
graduated cylinder, turn off oven and N5 blower. 


At this point the position of the microstrip lines relative 
to the edges of the substrate should be checked for alignment. 
In the event the circuit lines are skewed or otherwise improperly 
positioned, the wafer may be reused by cleaning the wafer as in 
Peeler ter part of unit 5 and then repeating units 9 LMEoOuGy 7% 


lintt 6. Etching The Wafer. 


The metal cladding usually found on alumina substrates is a 
combination of a thin layer of chromium under a thin layer of 
wegess After the photo resist has been removed from the areas 
surrounding the microstrip lines, the bare metal must be removed 
in the etching stage. First the gold will be etched then the 
chromium. However, since the metalization must be removed from 
the edge of the substrate but not from the bottom ground plane, 
the photo resist must be removed from the edge without disturbing 
the resist on the circuit lines or on the bottom surface metal. 
This is accomplished by carefully scraping the edge of the 
substrate with the edge of a X-ACTO knife. This effectively 
bares the edge metal to be etched by the chemicals. 
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Note: Up to this point during the chip PEOdUCTiON,: the 
wafers may be reused by removing all photo resist 
as in the wafer cleaning procedure. 
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All chemical mixtures should be mixed prior to beginning the 
etching procedure. The etching stage should be performed in the 
Solid State Chemical Lab., Rm. 2434 Engr. Bld. 

1. Obtain the following materials: 

ere Two shallow Pyrex petridishes: 
bo'10 ml graduated cylinder: 
c. Large supply of distilled water. 


d. Weighing scale. 
e. Small mixing beakers. 


Gold Etching Solution. 


2. Obtain the following chemicals: 
a. Iodine resublimed crystals AR; I> 
be, Potassium) 1cdade crystals ACs; kL 


eteat a beaker, mix a Solution of I5KI inethesratio tof: 


4, Mix the total I5KI solution with distilled water in the 
fol lowing? ratio. 


Suggested solution amounts: All of the I5KI solution to 
30 ml of D.I. H50 
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The above suggested solution amounts will produce enough 
etching solution to etch 2 wafers. Half of the solution 
should be used for one wafer and the remaining half 
saved for the other wafer. 


Agitate the solution thoroughly then pour the gold etch 
solution into one of the Pyrex mixing dishes and set 
aside. The mixed gold etching solution should be dark 
purple in color and be free of any undisolved chemicals. 


Chromium Etching Solution. 


Obtain the following chemicals: 
a. Ceric Ammonium Nitrate (CAN) ACS; (NH, ) 9Ce(NO3)¢ 


b. Glacial Acetic Acid NF; C5H,05 


In a beaker, mix a solution of chromium etch in the ratio: 


Thue sielas 45 ml : 1000 ml 


Suggested solution amounts: a g of CAN 
Maid te Trelis ACat1 COLAC LG 
Bom ener Dsl. HAO) 


Caution: The Glacial Acetic Acid is extremely concentrated 
and therefore is harmful if poured on skin and 
fatal if swollowed. Handle with care. Pour acid 
only under chemical vapor hood and only while 
wearing plastic gloves. Do not inhale fumes. 


Agitate the solution thoroughly then pour into a second 
Pyrex dish and place next to the gold etch. The chromium 
etching solution should be yellowish in color and may be 
used for both wafers to be etched. 
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9. Place the wafer into the gold etch solution and agitate 
until all gold metal surrounding the circuit lines has 
disappeared. Then rinse with D.I. H50. 


Note: It may take 25 mins. of constant agitation to 
completely remove the gold. Check the wafer 


Prequentily to be sure the circuit. tines are, not 
being etched by the solution. 


When the gold has completely disappeared the wafer should 
have a glossy, chrome surface everywhere except along the 
microstrip circuit lines and the resist covered ground 
plane metal. 


10. Place the wafer into the chromium etching solution and 
agitate until the chromium surface has disappeared 
leaving the white alumina substrate underneath. 


Note: The change from chromium color to white will happen 
very fast. Usually arotind 10 seconds. After the 
chromium has vanished, Immediately rinse the wafer 
in D.I. H50. Délay<at.this®stage may*cause severe 
under cut of the chromium layer beneath the gold 
ei1reuitedames: 


We Place the etched chip in a clean Pyrex dish and’ cover. 
fe. Dispose of all excess solution and clean all dishes and 


beakers with a detergent. Return all chemicals to their 
proper storage place. 


mt oO. Cleaning of the Finished Microstrip GrEcut tb. 


The last cleaning procedure removes all remaining photo 
resist and water spots from the etched wafer. The cleaning 
procedure is as follows: 
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1. Obtain the following materials: 
a. Plastic squeeze bottles of Acetone and Methanol. 
b. Ny blower. 
c. Excess solution dump dish. 


2. Turn on Ns, tank valve. Adjust the output valve to 10 
psi. 


3. Using tweezers to hold the wafer over dump dish, wash 
wafer top and bottom free of photo resist with Acetone. 
The remaining gold should be bright and shiny. 
4. Rinse wafer with Methanol. 
5. Blow wafer dry with N>. 
6. Place cleaned wafer in Pyrex dish and cover. 
7. Empty dump dish in sink and clean with a mild detergent. 
8. Turn off N5 supply. 
At this point, the finished chip should be examined for 
defects in the gold circuit pattern left on the substrate as well 
as the gold ground plane on the substrate bottom. The resolution 


of the entire chip production process can easily be checked under 
a microscope. 
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Appendix A. Chemicals And Material Supply 
Information 


This section lists the locations where the chemicals and 
materials are stored and also all pertinent ordering information 
for restocking these items. 


Materials 


Ulano Rubylith RM3: 


Meme ton-s This _is stored in the “screen” room ‘in 
chaps MIS) Ys gape gs eae be 


Supplier: Master Blue Print Inc. 
810 Badger Rd. 


Madiusonme-awis. oo) 13 Phone: (608) 256-4884 
Size: AO tw 5 0 
Price: $29.95 


High Resolution Photo Sensitive Plates: 


Location: These are stored under refrigeration in the 
Duplication. OOM, 24lionengr., Bld. 


Supplier: Imtech Products Inc. 
1295 Forgwood Ave. 
Sunnyvale, CA. 90086 
SL ze: tueko2 Nigh resolution qiass plates. 


Quantity: 30 plates per box. 


Price: $20.00 per box. 
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Substrates: 


Location: These are stored in the supply cabinet in Rm. 
259) BNO. wail. 


Model #: Poe 2304). 2 OAL 03 Alumina substrates with 
chromium/gold metalization. 


Supplier: Tek-Wave Inc. 
55 Charles Lindbergh Blvd. 
Mitchel Field, N.Y. 11553 
Size; ial kc e oy crc 


MWeantacys 12 per pkg. 


Price: S20. fouea Or, $345.00 Der pkg. 


Chemicals 


Kodak D-19 Developer: 


Peeaction: This is stored in the “screen” room in 
SFR TiCh is ines Clie 


supplier: Available from UW stores. 
SEOCK GH vo rina Ler Ulli me Gal. 


Price: $2.9476 per gal. 


Kodak Fixer: 


Location: This is stored in the “screen” room in 
SOO Se ROO «abuts 


Supplier: Available from UW stores. 
StOCKL gs SOs weaLeomitiLt +o) Ga lie 


Brice: 61500 US 92per Soa. ts 
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Photo Resist: 


Location: Phys te stored in the “clean room’ 


Engr. -BId. 


Model #: AZ-1350-B or Microposit 1300-17 


Supplier: Shipley Co. 
580 Bonnie lane 


Elkgrove Village, Ill. 


Phone: (312) 956-6550 
Paahcicy: 1 Ot. 


Price: $84.00 per Qt. 


Agd-Developer or Microposit Developer: 


60003 


vy 


meeacron: (This ts stored in the “clean room" in 


Engr. 3.0. 
Supplier: Shipley Co. 
580 Bonnie Lane 
Elkgrove Village, Ill. 
Phone: (312) 956-6550 
Mgeantity:, 1 gal. 


Price: $20.70 per gal. 


Iodine Resublimed Crystals AR; I5 


Pocation: This is’ stored in the “screen" 


3559 Brigr. oid. 


60003 


Supplier: Available from UW stores. 


SCock Ff 2040 +7 sate qndts 


Price: on e926 per 1, ae. 
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Potassium Iodide Crystals ACS; KI 


Bocation: 


Supplier: 


Price: 


This, is stored inthe “screen room-in 
Sictepe Pa opels pers Jay is be 


Available from UW stores. 
Stocks? 25047 esalesunits: 500 grams. 


$9.9332 per 500 grams. 


Ceric Ammonium Nitrate (CAN) ACS; (NH, ) 9Ce(NO3)¢ 


Location: 


Sock #5 


Supplier: 


Quantity: 


Price: 


This) isestored inthe Vscreen =room’ in 
3559eBngr e510. 


16774-21-3 

Aldrich” Chemicail.Co. 
POO XDD 
Milwaukee, Wis. 53201 


250 grams. 


$20.70 


Glacial Acetic Acid NF; C5H40> 


Location: 


Supplier: 


Price: 


This isi stored in) the screen’ room in 
S559 SENG r ee OL « 


Available from UW stores. 
Stock He2evUG* Sale uni too pes. 
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Assistant editor Tom McKay for his contrabution of the 
reduction camera. 


Assistant editor Dave McGinnis and Gert Hohenwarter for 
theixn ls cleanroom. 


Assistant editor Yiwei Chen for his help with the 
developing and etching instructions. 
-and- 


The rest of thesmembers ofsBeyer Labs Inc. for their 
advicevandwinsightiinto this yprocedure, 
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THIN FILM MICROSTRIP CIRCUIT 
PRODUCTION MANUAL 


Presented to James B. Beyer 


University Of Wisconsin -- Madison 
Department Of Electrical Engineering 


Produced by Morgan K. Culver 
August 1, 1984 
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JM g FB g ad che Pa Michbostrin. Cincuit Production 


The following steps describe the procedure for design and 
production of thin film microstrip circuits on substrates such as 
alumina with gold/chromium metal cladding. The general procedure 
is as follows: 


‘lie 


The first step involves designing the microstrip circuit 
including all line widths, lengths, and all other dimen- 
sions required for later circuit production. This step 
will determine the outer dimensions of the substrate on 
Peer n the .«circuit will sbe etched. 


Next, the layout is redrawn about twenty to twenty-eight 
times the actual dimensions and drawn to scale ona large 
piece of paper. 


eerarge sheet of rubylith, the same size as the enlarged 
drawing, is then cut to the pattern of the circuit layout. 
Depending on which type of photo resist is used to etch 
the gold cladding, rubylith is removed from parts where 
the microstrip will appear and left untouched on the 
adjacent areas or visa versa. 


The reduction camera exposes and reduces the pattern cut 
into the rubylith onto a glass plate which forms the mask 
used in the wafer etching process. This mask will be the 
maerual size of the circuit. 


After preparation of the wafer, photo resist is spun 
uniformly onto the wafer using a spinner where the 
rotation speed and resist thickness can be controlled 
accurately. 


Next, the glass mask and the prepared wafer are placed in 
the mask aligner where the mask is aligned with the wafer. 
Then the mask and wafer are exposed to ultraviolet light. 
Certain areas of the wafer are protected from the light 
by the mask whereas the areas uncovered by the mask are 
exposed by the light. 
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The wafer is then developed to remove all exposed photo 
resist leaving the bare metalization uncovered. In this 
step the wafer is also baked to polymerize the unexposed 
resist and hence protect the underlying metal from being 
removed in the etching stage. 


Using the correct etching chemicals the unwanted portion 
of the metal cladding is etched away leaving the micro- 
Sp CcercuLne patternyintact. 


Finally the substrate is cleaned of any remaining photo 
resist and is then mounted in the device outer casing 
where all remaining elements, FET's, connectors, etc., 
are soldered into place. 
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In the material that follows, this generalized procedure is 
broken down into more specific steps which contain detailed 
information concerning the materials required, specific processes, 
and other information leading to the production of thin film 
eer oscrip’ Circuits. 
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oe a Making The Enlarged Scale Drawing. 


The reason for making an enlarged scale drawing is to provide 
pepatcternm from which to, cut the rubylith.» Since ‘the actual: size 
of a microstrip line is very small, less than 1 mil (#25 pm) in 
some cases, it is impossible to make an accurate mask without 
first enlarging the design on paper and then allowing the camera 
lens to make the critical reduction back to the original circuit 
size. 


The operating limits listed below are imposed by the reduction 
camera: 


Maximum enlarged drawing and rubylith size........ Ody aixe 3 Oss 
Maximun size of substrate which can be used...... Pet Las bk eo, as 
Beotee rom factor range available.......... aig wiciietslele Oi BO 12.6.X. 


Most microstrip patterns that require thin film production are 
Bestoned On substrates no bigger than 1" x 1" square. As an 
Seoatole, For a circuit to be realized on a 1" x 1" substrate, 
using the smallest reduction factor (20.5) the outer dimensions 
of the enlarged scale drawing should be about 20.5" x 20.5" 
Square. Therefore, remembering that the largest drawing width 
allowed is 21", this example represents the approximate limits of 
Operation using the reduction camera. Any smaller substrate or 
rubylith size may be used. 

As a general rule; "The larger the reduction factor, the 
easier it is to realize very small line widths and the more 
accurate the enlarged scale drawing can be. The smaller the 
reduction factor, the larger the overall dimensions of the 
Substrate can be.'"' Hence, to realize 1 or 2 mil line widths on a 
smaller substrate, a larger reduction factor may be used but to 
use a full 1" x 1" substrate a smaller reduction factor must be 
used. 


Keeping the previous constraints in mind, the steps for 
making the enlarged scale drawing are as follows: 
1. Decide on the substrate size to be used. 


Zo CHoose a4 creaquction factor that falls within the con-— 
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straints of the reduction system and does not magnify the 
outer dimensions of the substrate greater than 21" x 30". 


3. Multiply the outer substrate dimensions by the chosen 
reduction factor and cut a large sheet of white paper 
to those dimensions. White construction paper works well 
for this step. 


4. Multiplying each microstrip dimension by the reduction 
factor, carefully draw the circuit pattern on the paper. 
Use a drafting board or similar arrangement to allow an 
accurate reproduction of the circuit pattern. Also, use 
a dark soft leaded pencil or better yet, a black ink pen 
with a fine point since a drawing line that is too wide 
will result in reduced rubylith cutting accuracy. 


5. Recheck all multiplications and dimensions on the 
enlarged drawing. 


iit 2. Cutting the Rubylith Pattern. 


Rubylith is a translucent material composed of two sheets of 
Prestic film back to back. One sheet is clear and is used as a 
backing. The other sheet is colored and is used to block light 
from passing through the rubylith. Red rubylith is required for 
the existing system since the screen of the reduction camera is 
green and the combination of this green light with the red film 
yields a black background and blocks out all light from passing 
to the camera lens. Therefore, the portion of the rubylith which 
Still contains both layers of film will block the light and the 
portion where the red film has been removed (leaving only the 
Clear backing) will pass the light. 

After the large scale drawing has been completed the rubylith 
must be cut into the correct pattern. Depending on whether 
positive or negative photo resist is used for the etching stage, 
the red film must be removed either from the microstrip circuit 
lines or from the surrounding areas adjacent to the microstrip 
layout. 


| ad votes ton e60b brie motive ueitowbo:u ent Go etcisetea 7) 
h "06 x “TS pevit secdmere ptectedue eft 30 edobenemid zedge) 


} Hewods efit yt anoidnenth etettedve netyo ott yliqls 
tsaseq tite ta desde sotel & JUD bas xotos! nokgoue 
x flew envew <edsq doicsustencs eff1W. .emobensath eaadds 
+Gote elit 2 : 
ae wh 2 | +e 
i Kokfoubex eit vO \eotenémih givdeotoim dose orivi¢ wt } 
tegeg ait ae oustteqg s4touid sf? wash yl[uleiwsg kos Bt 
ns wolle od Jnppepnesis wnlimte 2 bxnod pritistb 6 eam 
Seu eel’ stnetthig (ttwbthe endo noicoyhozges stemiem 
neg unt Xdsld es dev setsed zo Lignoeg bebseal tIoe 11864 
abtv oof @2 dead oot l paiwaxh 9 eonte tniog onil « | y 
“(oBIUOOS PRtsIva MILL yar Heoubset ni 3slvess 


ans ov anotasorlth baie enolisviiqtiium (is dem 
‘ | poiws«® Bape. 


40 efonde ow! To icine: Sateen Snoot lenext 6 ak AGE 
es boow es She 24019 et toes er0 .xved oF Jond jee 
Spit stogid oF beau et bre bexoioc si teerne 198dd@ SFT) 

Pas | 20% bezibpen ex tHhiyvdes bet udttiydex edt dpuoind ¢ 

pra et syemeo woiInueey, #49 85 ‘aeexpe ent sonte moseye pr. 

Vo) £2 Bee! antt as dw gh neeze etd to Hotton Ldmoe ene Bt 
poteerq wigs tipel Lis 300: told bas boverydned dosld 

Mptrw dot ‘Bitte nobkitog edt \ez0tewiT enw 2 

Dy | Aes baw deel ods stool TLkw MIL 20 axoyst dod we 

i a it 7 edad mee leant neod esd mit? Her ota 

ae | deel edd e2anq 1 Diz 

| | Np teeter on oS oe eee 
eagpa swobieatoen ae 


. . i se TE, v2 hae oooh 
J i) Bir ae wi: 
y ry f aa if, 


' 
t 
a} 
7 
‘. 
? 
ieee 
: 


When positive photo resist is used: (See figure 2.1) 


The rubylith must be cut such that the red film is removed 
from the areas where the microstrip circuit lines will be and not 
removed from the surrounding areas. The light that passes 
through the clear strips exposes the emulsion on the glass plate 
along the microstrip lines. The rubylith left on the area 
Surrounding the circuit lines prevents the light from passing to 
the camera and therefore does not expose the emulsion on the 
glass plate. 


The resulting glass mask will be dark along the circuit 
lines and clear everywhere else. 


After the positive photo resist has been spun on the wafer 
and the aligning has been accomplished, the wafer is exposed to 
ultraviolet light. The subsequent developing stage then removes 
photo resist on the exposed areas surrounding the microstrip 
circuit lines. Baking the wafer polymerizes the photo resist not 
exposed to the light and hence protects the metal cladding from 
being etched. 


Chemicals then etch the bare metalization where the photo 
resist has been removed leaving the metal cladding untouched on 
the microstrip lines. 


* OK K KK K KK KK KK KK KK KK KK KK K KK K K K K K OK 


NOTE: The existing chip production system utilizes 
positive photo resist and the rubylith should 
be cut accordingly. Under the assumption the 
current set-up will be used in the future, the 
remaining material in this manual describes the 
production process using positive photo resist. 
However, the same procedure applies if negative 
photo resist is used with the rubylith cut 
according to the following paragraphs. 
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Figure 2.1--- a) Rubylith pattern. b) Exposed 
glass mask. oc) Uncoated wafer. 
d) Wafer with photo resist coating. 
e) Wafer after exposing and developing 
stage. §2)) Btehéed microstrip circuit: 


When negative photo resist is used: 


The rubylith must be cut such that the red filmis not 
removed from the areas where the microstrip circuit lines will be 
and is removed from the surrounding areas. The light that passes 
through the clear area exposes the emulsion on the glass plate 
Surrounding the microstrip lines. The rubylith left along the 
circuit lines prevents the light from passing to the camera and 
therefore does not expose the emulsion on the glass plate. 


The resulting glass mask will be clear along the circuit 
lines and dark everywhere else. 


After the negative photo resist has been spun on the wafer 
and the aligning has been accomplished, the wafer is exposed to 
ultraviolet light. The subsequent developing stage then removes 
photo resist on the unexposed areas surrounding the microstrip 
Circuit lines. Baking the wafer polymerizes the photo resist 
exposed to the light and hence protects the metal cladding from 
being etched. 


Chemicals then etch the bare metalization where the photo 
resist has been removed leaving the metal cladding untouched on 
the microstrip lines. 


The following steps indicate the correct procedure for 
making the rubylith pattern: 


1. Cut a large piece of rubylith the same size as the 
enlarged scale drawing. 


2. Making sure the red film side is up, tape the rubylith 
over the drawing to a smooth cutting surface. 


3. Using a straight edge and X-ACTO knife, lightly trace all 
circuit patterns being careful to only cut through the 
red film and not the clear backing. 


Note: In the event some of the circuit lines must extend 
to the edge of the wafer, be sure to cut these 
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lines all the way to the edge of the rubylith. 
However, in the event the outer casing, sometimes 
referred to as the "carrier," will be close enough 
to the finished circuit boards to cause excessive 
parasitic coupling between the end of a microstrip 
line and the carrier, the microstrip should not be 
allowed to extend to the end of the substrate. 
Instead, the rubylith should be cut such that the 
actual line length stops approximately 2 mm to 3 mm 
short of the edge of the substrate. In the event 
these lines will be used as input or output lines, 
the microstrip lines should extend just far enough 
to allow the connector center conductor to reach 
Bien circuit line. 


4. Strip away the red film from the circuit line area. This 
may be accomplished by sliding the point of the knife 
under the edge of the film (preferably at a corner) and 
then pulling gently. 


5. The rubylith should be kept free of dust and dirt. 
Rolling it inside the scale drawing paper works well. 


nit 3. Exposing The Glass Mask Using The Reduction 
Camera. 


The microstrip pattern is transferred onto a glass plate 


also known as the "mask" via the reduction camera. The optical 
properties of the camera allow symetric reduction of the enlarged 
Circuit pattern down to actual size. 

The rubylith pattern is mounted to a green luminescent 
screen which projects the circuit image onto the camera lens. 
The camera reduces the image 20.5 to about 28 times. Under 
correct aperture and exposure time, the camera exposes the glass 
plate which is coated on one side by a light sensitive emulsion. 
The plate is then developed using a special developing process. 
The reduction camera is located in Rm. B420 Engr. Bld. 
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The proceedure for using the reduction camera is as follows: 


1. Obtain the following list of materials; 


2: 


a. Mild window cleaning solution and soft cloth. 

b. Tape. (preferably masking tape) 

c. Rubylith pattern. 

d. 35' three prong extension cord. 

e. Camera lens mounted in a cubical bracket. 

£. Photo sensitive glass plates. These are 2" x 2" 
high resolution plates which are stored under 
refrigeration. 

g. Wafer test plate with predeveloped pattern where 
the exact distance between two pattern edges is 
known. 

h. Assorted optical elements for view finder. 

i. Key for the camera room. (Rm B420 Engr. Bld.) 

j- A light tight case to store exposed glass plates. 


The glass plates should be allowed to warm to room 
temperature before using to prevent uneven exposure 
density. 


Upon entering the camera room, note the location of the 
reduction camera against the North wall then lock the 

door to prevent anyone from accidentally entering the 

room during exposure. It is a good idea to make a large, 
noticeable sign to be placed on the outside of the door 

to inform everyone that "exposure is in progress" and that 
the door should not be opened for any reason. 


Turn off all lights momentarily and check for light leaks. 


There are two screens associated with the current set-up 
of the reduction camera. One screen is mounted at the 
end of the camera adjustment rails and is not used for 
large scale reductions of this type. Open the two 
latches on the edge of the hinged glass plate and swing 
this portion out of the way. Remove the board insert and 
set aside for the duration of this procedure. The screen 
used for large scale reductions, i.e. 20.5 to 28 times 
reduction, has a green translucent covering and is 
located against the East wall of the room. After plug- 
ging in the screen, turn it on and gently clean the 
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screen with the window cleaner to remove any spots or old 
tape marks being sure not to scratch the plastic screen 
surface. 


Remove the camera lens compartment dust cover and insert 
the camera lens in the opening with the shutter release 


extending out of the compartment. 


Open the aperture to its widest setting (f£.9), cock the 


eiueter and trip the shutter release once to open the shutter. 


Place the glass test pattern in the camera plate holder 
with the emulsion side facing the screen and adjust the 
horizontal and vertical controls until the screen image 
is centered on the glass plate. 


Using the optics and the view finder, focus the view 
finder on the emulsion side of the glass plate. Thetest 
pattern should be in focus. 


Adjust the camera lens position to provide the correct 
amount of reduction between the screen and the glass 
plate. One way to accomplish this is as follows: 


By varying the distance of the camera to the 
screen and by placing two pieces of tape on the 
screen determine the exact position of the lens 
on the camera mount such that the known pattern 
Spacing on the test plate when multiplied by the 
coprecteueductiontifiactor corresponds’ to. the 
distance between the two tape strips on the 
screen. Remember that the tape strips must be 
in focus at the same image plane as the emulsion 
side ofvtherghassiplatesathis stepisicrucial 
to insure proper strip widths and lengths of the 
Line! microstrip: circuit 


After the correct lens position is obtained, lock the lens 
mount in place with the pull lever and recheck all focusing 


adjustments. 


Tape the rubylith pattern in the center of the screen 
with the clear backing side against the screen. Position 
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the tape at points around the perimeter to insure contact 
between the pattern and the screen at all points. 


perethe rcamera aperturestoy £22: and» cock the shutter to 
the completely cocked position. 

Position the unopened box containing the unexposed glass 
meeces in a familiar position easy to reach in total 
darkness. 


Note: When the box is opened in the dark, the emulsion 
Side of the glass plates may be found by feeling 
around the edge of the glass holder insert fora 
small pointed ridge. (See figure 3.1) The ridge 
points in the direction of the emulsion coated side 
of the plates. 


meece the light tight.eas@ised=to store the exposed mask 
ina position close to the camera plate holder where it 
can be reached in total darkness. 


Note: Practice the following steps a few times since they 
will involve movement in total darkness. 


earn off allwlights. tnchuding the. screen light. 

Remove one plate from the box containing the unexposed 
plates keeping track of the emulsion side of the plate 
then CLOSE the box. 

Place the glass plate in the camera plate holder with the 
emulsion side facing the screen and close the holder 
cover. Be careful not to scratch the emulsion during 
this step. 


Turn on the screen light. 


Trip the shutter open and expose the plate for 5 minutes 
then trip the shutter closed. 
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Figure 3.1--- a) Glass plate holder, top 
view. b) Enlarged view with 
emulsion indicator ridge. 
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19. Turn off the screen light. 


20. Carefully remove the glass plate and place it in the 
light tight case. Be sure to remember the orientation 
of the emulsion side of the plate in the case. 


Bee urn one thes lightsijagain. 


When finished using the camera, replace the lens compartment 
cover, the short range screen insert and hinged glass cover, 
cover the camera with the plastic covering to keep it free of 
|dust and dirt, remove all tape from the screen, and be sure all 
|)lights are out when leaving the room. Don't forget to lock the 

room. 


fit 4. Developing The Glass Mask. 


Developing the glass plates involves approximately the same 
technique as developing a role of film except for a few minor 
differences. After all solutions have been mixed and placed in 
shallow dishes, the plates are rinsed, developed, rinsed, fixed, 
jand then rinsed once more. The final step involves removing all 
jwater droplets from the surface with a Methanol and water bath. 
|The dark room is located in Rm. 2553 Engr. Bld. 


| The procedure for developing the exposed glass plates is as 
| follows: 


1. Obtain the following list of materials: 

a. Five shallow glass dishes. Small Pyrex petri 
dishes work well. 

b. 1/2 liter of distilled water. This may be labeled 
asebD. I. H50. 

c. Kodak D-19 developer. 

dq. Kodak Rapid fixer (solution A). 

e. Fixer hardener (solution B). 

Do rng econ. 

g. 10 ml graduated cylinder. 

h. Mild dish detergent. 

i. Plastic squeeze bottles of distilled water and Methanol. 
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Clean all dishes and beakers with a little detergent. 


Beece the light tight box containing the exposed glass 
plates, the five petri dishes and the CLmInG SPOCK rn ta 
position where they can be reached easily in the dark. 
Be sure to orientate the box such that the emulsion side 
of the plates is known. 


Mix the following ratio of D-19 developer powder and D.I. 
H50 in a small beaker by first, heating the D.I. H50 to 
about 52 °C and then second, slowly add the D-19 powder 
under constant agitation. 


(D-19 developer) : (D.I. H50) 
op lew As se Woe Oe LELLeSs 


Suggested solution amounts: 9.4 g of D-19 powder 
SUC ACCOM Tike take WD NES, H50 


Note: This is enough mixture to develope two plates. 


Pour approximately 30 ml of the D-19 developer in one 
Gish and allow to cool to about 20 °c 


Mix the following ratio of distilled water, fixer (solution A), 
and hardener (solution B) in another dish. The resulting 
solution may turn cloudy when mixed but will cause no bad 

Side affects. 


20 : 10 : 1 


Suggested solution amounts: 20" hae) eer H50 
VOV Maes xe (Sol 7A) 
1 ml hardener (sol. B) 
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Pour approximately 30 ml of distilled water in each of 
the remaining three dishes. 


Place all dishes in the following order from left to 
Saat $ 


pre-rinse, D-19, D-19 rinse, fixer, final rinse. 


Be sure the dishes may be reached in order in total 
darkness. 


Set the timer for 5 & 1/4 mins. 


Note: The next few steps are done in total darkness. 
The following time schedule should be memorized 
before proceeding. 


Turn off the lights. 
Place the glass plate to be developed, always with the 
emulsion side up, in the dishes according to the 


following time schedule: 


Pre-rinse e@eeeoeeeeeeeese 1 TaD lee 


D= 19 Wetebat wc s d-0 « Be Seale/A mins. 
D= 139 BGS Cs be Feiss cee BO Secs. 
FTO YAS a Pere, Oe idl a « £5 asecs. 


Tainad ae lA Sed asda bo Od 


The clock alarm will sound after the pre-rinse and D-19 
stages and should be reset to about 17 mins. and 
restarted at the D-19 rinse stage. Slowly agitate the 
dishes during all stages with only 1 min. of agitation 
required for the final rinse stage. 


Note: In the event there is more than one undeveloped 
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plate in the ligh tight casing be sure to reclose 
the case right after taking out the plate to be 
developed. 


Turn on the lights after 1 min. of the final rinse stage. 


While in the final rinse stage, clean three of the dishes 
with the detergent and dry. 


To remove all excess water the plate is cleaned with 
distilled water and Methanol. Mix the two liquids 
according to the following ratios and pour each mixture 
in the three clean dishes. 


(Methanol) -2n6D. Le H50) 


Mixture A. 1 2 
Mixture B. 1 z 1 
Mixture C. 1 : 0 


Arrange the dishes in the mixture order A, B, C, from 
bect to. right. 


After the final rinse stage, Place the plate in the three 
mixtures according to the following time schedule: 


Mixture A. 45 secs. 
Mixture B. 45 secs. 
Mixture C. 45 secs. 


Finally, Place the developed glass mask back in a protec- 
tive box or wrap ina tissue. Care should be taken not 
to scratch the emulsion from this point on. 


Reclean all dishes and beakers, return all chemicals and 


supplies to their proper storage place, and leave dark- 
room in the same clean condition as it was upon entering. 


5 


has 


vase ) 
ion vy a : ~ 

: 7 
we 


' uu Ne Aa, hi ie r ‘¥ he Ny it i om ; 
- ‘4 I : : oe 
eno loes e2, boi’ tebe slip Meet outa doteka *¢ 
aia ed ot) ‘ee ae sas tuo pairs? Teds ipa 9859 ens 4 
one At . | ’ ar _ sbegolsveb: 


’ ? ( 
‘A id | ; 
VE a  epere banix Lland® eft Yo «nim f sot%s etioet ons mo aa 


Bi ; pale # 
f re Heal ms 
estath 6:17 Io ostdd reels joeRds eania fz sinh oie cee tt 


'4) 4 
Bri “vib hes tnepreteh eft: a is 


, 


> 


twiw benseino at efada sid xatew ee@onxe Lie ovomex a 
itumki owt oft KEM TONGAN bee  vetsew beliag 
Siugxin aosa w0q bos eoeiter oliot sas oF paliaeum eB 


‘‘uitetl ise £9 soul? ett 
5 » ¥ ~ 1 
7 
ii. ri 
o> 8 ee ek re ee ty oe ee ee ee ee — <4 = oe i. —- on oe oh oe ed ee ee oe aH Ri : 
(0- nil . T Gy P| { ft Oli t ei ) | if y ; ; 
es ~~ r ° ~ 4 er : 
as 2 . sxo3x IM 
r ’ <8 sivdeiM 
0 : j 2) etutsxiM ee 
"y 


ee ee ee ee 


j - a 


mowt ,2 ,@ ,A xsbuo esudxim edd ai eoreib oft epnetzhae 

| adpix oF vel. 

a iin, 

;, eetit eitint eteia edd exsl? ,epsate sania Leni? edd terme. 
Be.) cafuberor emis piiwolilol any of pribxroocs aemutxe 


Ne a0 an ae oa at ee ae 00 at hse ate ate ant ee as eat ir ht at a ma oo 

re j + a if i, 1 , : 
ny . Weope Boo. lah ete 
-) aepee 2b on  suot% te oe, 


se908 2b Li cy Baek 8 
~~ = o- ae me bie dimmers tt eo) we fe ee ee me et oe re ; : =| 


Ly | 
An 


= 28I0nq 6 nt qosd Azsm mere gins an wae oot yyil 
gon eked ed bivode exsd va i3 ek qursw to xo¢ ‘ y 
aie) A dale sbiraadbomet | pmapane sy 

he Pa erie habe) 4, r a nh _ vy, 

; $o%'4 eer ma Pees See 

no eLpotmods Le azutex «wiblemd ibe 

On pecorypenrotg a 4 “— Sate eh = ie 
seine soa, ae 33 oa ele em 

ny i i i iy Ue ao 
es ae ae 

Ai i isk 


nena 


i Avy 


ih), : 

{ Hh vy it 
a pie nie A ne 
ay is ty F Pf , 


ae) 


ai ; 
, " 


mnit 5. Preparation Of The Wafer With Photo Resist 
And The Spinner. 


In order for the wafer, somtimes referred to as the chip, to 
be patterned as a microstrip circuit the wafer must be covered 
mitch a thin’film of photo resist.” This is accomplished through 
the use of a spinner which insures a uniform coating. The rotation 
speed is controlled such that slower speeds result in a thicker 
coat and faster speeds yield a thinner coating. When exposed to 
ultraviolet light via the mercury lamp ina mask aligner, a 
portion of the photo resist becomes exposed and is removed in the 
following developing stage. The unexposed portion is polymerized 
during the baking stage and hence is protected from the etching 
ehemicalss “The “clean" room located in Rm. 2436 Engr. Bld. 
contains many of the required supplies for this procedure. There 
are a few rules which must be followed when using this clean 
room: 


- No shoes allowed in clean room. 
- Keep doors and curtains closed. 


- Keep the flow bench running at all times. 


1 

2 

3. Never turn off ceiling fan. 

4 

5. When finished, fill in log book. 


* The photo resist currently being used is AZ-1350-B or 
Microposit positive resist which is red in color. 


The procedure for spinning photo resist on a wafer is as 
follows: 


1. Obtain the following materials: 
a. Tweezers. 
b. Pyrex petri dish with cover. 
c. Wafer(s) to be spun. 
aciLight*tight case. 
e. Less than 1" outer diameter rubber washer. 


2. Turn on N»5 tank valve. Adjust the output valve to 10 
psi. This is the Ny blower supply. 
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10. 


After entering clean room, Turn on the flow bench table 
light and turn on the Ny blower valve located on the South 
wall. 


Turn on both glove box blower and vacuum switches. 


Note: The vacuum switch should be off any time the spinner 
chuck évacuum isenotblinsiusesosThiscincreases the 
lifetime of the vacuum system. 


Turn oven on and set temperature between 85 and 90 les 
The middle switch position is off and the upper position 
is on. 


Turn on spinner fan and light above glove box. 
Place plastic spray cups around spinner chuck. 


Turn on spinner power and set for a rotation speed of 
1000 rpm. This corresponds to the dial pointing towards 
mre far left slash mark. The rom scale is not accurate. 


Set the R/S switch to the 1 sec. setting and adjust the 
foene time tknobwiicr faispinetimersofl thorsecs: 


Fill syringe with approximately 1 cc of photo resist. 


Note: Never pour extracted photo resist back into the 
photo resist supply bottle as it will contaminate 
the resist. 


At this point the wafer must be placed on the spinner 
vacuum chuck. Wafers are usually sealed in dust free 
pouches. In the event a nonprotected wafer is used or 
the wafer must be precleaned before spinning, follow 
the "Wafer And Photo Resist Cleaning Procedure" before 
Dac inoeon schiuck. 
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Note: Never touch wafer with fingers as finger grease 
can not be removed from the metal surface. Always 
use a tweezers and pick up wafer at corners only 
Since they rarely are used in the microstrip layout. 


Since microstrip circuits require a ground plane the 
photo resist must be spun on both sides of the wafer. 
The resist spun on the top is exposed to light to make 
the desired circuit pattern. The resist spun on the 
bottom will prevent etching of the surface metal used as 
a ground plane. Two layers of photo resist should first 
be spun on the bottom each followed by a soft bake. Then, 
the top layer is spun followed by another soft bake. A 
"soft" bake refers to a baking process which does not 
polymerize the resist whereas a "hard" bake refers toa 
procedure where the wafer is baked at a higher tempera- 
ture resulting in polymerization of the photo resist. 


11. Place wafer on vacuum chuck and turn on the spinner 
vacuum switch. The vacuum gauge should show a vacuum 
reacing of fat fleast 15. 


12. Apply the photo resist to the center of the wafer until 
it spreads out to approximately 1/4 inch from the edge. 
The resist should not be allowed to run over the edge as 
this will cause excess deposits of resist on the other 
Side. 


on otart the spinner with the red start button. It should 
spin for approximately 15 secs. 


14. After the wafer has stopped spinning, turn off spinner 
vacuum, grasp the wafer by the corner with the tweezers 
and place in the Pyrex dish. 


Notes sDoimotruse’a plastic dish as it will melt in the 
oven. 


15. Bake the wafer in the oven for 10 mins. at 85 to 90 °C. 
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To insure a thick coating of photo resist to protect the 
bottom metal surface, repeat steps 10 through 15 to spin 
a second coat of photo resist on the bottom then proceed 
BOnstep 17. 


Place the rubber washer on the vacuum chuck. This will 
provide a smooth surface on which to place the wafer 
bottom preventing any damage to the prespun resist. This 
washer should be smooth and pliable enough to still allow 
the vacuum gauge to reach a reading of 15. 


Place the wafer on the washer with the prespun side down 
and repeat steps 10 through 15 to spin the top of the 
wafer. 


Note: From this point on extreme care should be exercised 
not to scratch the photo resist on either top or 
bottom as stray metal spots or unwanted breaks in 
the circuit lines may result. The wafer should be 
kept away from chemicals such as Acetone which is 
used as a solvent to remove photo resist. 


Place the covered Pyrex dish containing the finished 
wafer in the light tight case. 


Using a little Acetone andaQtip swab, clean the 
spinner chuck of all photo resist. 


Discard excess photo resist in syringe and clean syringe 
and plastic spray cups with Acetone. The cleaning may be 
performed’) in the Thin Film Gab in room 2439 Engr. Bld. 


Turn off; spinner vacuum, power, fan, light, N5 blower 
valve, system vacuum and blower switches, oven, and 
finally, the flow bench light. Double check to make sure 
the vacuum switch is off! 


Be sure the curtains and doors are shut on the clean room 
when finished. 
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Wafer and Photo Resist Cleaning Procedure. 


In the event the wafer must be cleaned before resist spinning 
or the spinning process must be repeated, the following procedure 
lists the steps involved for cleaning the wafer. 


1. Obtain the following materials: 
a. Plastic squeeze bottles of Acetone and Methanol. 
b. Tweezers. 
c. No blower. 
ad. Excess solution dump dish. 


2. TurnonN, tank valve. Adjust thre Oucput Valve LOVEE 
DSi. 


3. Using tweezers to hold the wafer over dump dish, wash 
wafer free of photo resist with Acetone. 


4. Rinse wafer with Methanol. 

5. Blow wafer dry with N5 blower. 

6. Place cleaned wafer in Pyrex petri dish and cover. 

7. Empty dump dish in sink and clean with a mild detergent. 


8. Turn off N5 supply. 


mnie 6. Exposing ine Warer With The Mask Aligner. 


The mask aligner is a device which accurately aligns the 
wafer under the glass mask and then exposes the wafer to a source 
of ultraviolet light. The light is provided by a mercury lamp 
housed in the rear of the unit. 

The following steps indicate the correct procedure for using 
the mask aligner currently located in the "screen" room of 3559 
Engr. Bld. In case the "screen" room is not darkened from stray 
ultraviolet light, some form of light curtains should be hung up. 
The room does not have to be light tight but should be somewhat 
dark to prevent excess ultraviolet light from pre-exposing the 
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wafer. 


1. Obtain the following materials: 
a. Glass mask containing the desired circuit pattern. 
b. Prepared wafer stored ina light tight case. 
c. Tweezers. 
d. Lens cleaning paper. 
e. Spacing washer. 


2. Turn on the N5 tank valve. Adjust the output valve to 50 
psi. 


3. Extend the vacuum pump exhaust hose out an open window. 


4, Upon entering the "screen" room, close the door, and blind 
all outside light. 


5. Turn on the overhead lamp & mask aligner power switch and 
plug in the vacuum pump. Adjust the external aligner N5 
yauive to 50cps i 


6. Manually lift the head to the full upright position and 
place the glass mask in the metal holder with the 
emulsion side down. The mask should fit securely into 
the white pliable seal of the mask holder. Care should 
be taken not to damage this seal. After the mask is secure 
in the white seal, press down on the corners of the mask 
until the small vacuum gauge located on the lower left 
panel indicates a small amount of vacuum. A reading of 5 
or higher is desirable. A poor seal of the mask in the 
metal mask holder will result in unwanted movement of the 
wafer beneath the mask while in contact mode. 


7. Place the holder in the position slots and secure in 
place with the black clamp ring. 


8. With slight pressure applied to the clamp ring, turn on 
the clamp switch located at the left and check fora 
secure clamp ring fit. 


9. Cycle the turn table contaning the vacuum chuck to the 


front position by using the table turn button located at 
the left, place the spacing washer on the center of the 
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chuck, then, with the tweezers place the wafer on the 
washer and check for good wafer vacuum. A spacing washer 
is required with this aligner to position the wafer close 
enough to the mask when the wafer is cycled between 
contact and seperate modes. 


Cycle the turn table to the rear position and press the 
red contact button located on the manipulator. This will 
bring the chuck and wafer up in contact with the glass 
mask. Contact is indicated by the lighting of the red 
contact LED located at the right of the manipulator. 
After approximately 1 sec. the chuck will drop into 
separate mode and the green LED will light while the red 
light goes out. 


In separate mode, the manipulator may be used in to 
position the wafer in the correct position under the 
mask. Press and hold the scan button located on the left 
while moving base plate to move the entire chuck and mask 
assembly together. With the scan botton released, moving 
the manipulator while pressing the white button allows 
large scale motion of the wafer under the mask. Moving 
the manipulator without pressing any buttons results in 
very fine wafer adjustment. The rotation knob at the 
front left of the base plate may be used in separate mode 
to rotate the wafer under the mask as much as 5° either 
direction. 


Note: The wafer may not be moved under the mask while in 
contact mode but the scan feature works in either 
contact or separate mode. 


Turn on the mercury lamp power switch, ignite the lamp 
with the lamp start switch and allow to warm up for 5 
mins. Try to shield as much stray ultraviolet light from 
the wafer as possible. 


Caution: Do not look directly at the ultraviolet 
light or severe eyesight damage may result. 
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13. After approximate aligning of the wafer and mask in 


14. 


=) 


16. 


separate mode,ipress the’ red contact: button ‘torbringuthe 
wafer up in contact. Lower the head and then, using the 
optics provided, focus on the surface of the metal 
cladding then use the scan feature to recheck wafer 
alignment. Pressing the red button on the manipulator 
cycles the wafer between contact and separate modes for 
realignment if necessary. 


Note: If the wafer shifts under the mask while in 
contact mode or if the wafer moves slightly under 
the mask when cycling between contact and separate 
modes, check the small vacuum gauge on the left 
panel for a vacuum reading of any amount. In the 
event there is no reading, press down on the 
corners of the mask to allow agood mask seal. This 
should cause a rise in the vacuum gauge reading to 
about 5 or more and should correct the problem. 


The aligner may be returned to the reset mode at any time 
by pressing the reset button located on the left. In the 
reset mode the chuck will drop away from the mask where 
it may be tuned to the forward position using the turn 
table button. 


Set the exposure time for 20 sec. and press the expose 
button located to the left. The head will raise and 
extend forward. The aperture will open and expose the 
wafer for the set time. Then, the head will return to 
the retracted position and the chuck will drop as the 
aligner returns to the reset mode. 


Turn off the mercury lamp. 
Note: Refrain from turning the mercury lamp on and off 
frequently as it reduces the lamp lifetime. Allow 


at least a 20 min. cool down time before reigniting 
the lamp. 


a3 


I int Mz san Bien 29% ua + ad pothp hts odem. 
| sea entad oF aosted ste » Simo . Sot ons eebzq” ponte persters sa 
f Nel pike \hed?) bie Baed silt weve” Josie oo WE qn betes . 
iva | lefon ot t6 BOsIILe StF HO eLD0t \bebivezyg acts 
| Ieten Anetioet oF axutaet pace eft sew not? peLbonte 
i i soteluginem edt no aodtud Bex edt paieacx4 Jnsmapt 
tO3 Rohonm sisusqee Bais Jostnoo ‘neewsjed t9is8w srt ppt ‘ 


‘ayuseeeoen tT sheeeig Lie = 
«ae 


1 


ni olistw Aeam of2 Yobae ettitie ctelew edd IL senor 
rebru yisgdesl e eovot Sete edt FL sto ebom 4989005. y 
ayiptAger bre t589nOo ie wien pritove nenw aeam oA 
IYel elit no sypusp mugoeY Uleme oct xoodo ,esbom 
ea) ni ewonms woe TO onrpees mosey A tO4 Lene 
ott mo nwok arola at enes on et ated $nevs - 
aid? .Laod Seam boop 6 wad Ep Od Neam ots Yo avensoo 
od vA Lbssy epush myth sw Beat sein sc sevno bLuone A eo 
meoldow of2 Joes DEwene San 10m to FE JuOds | ' 
7) 
cr) 
anke yrs Js ebodat Jeres s@7 Cf hbehivss1 ed yam netpi ls ott i. 
oft ai .switef ef3 so Hetaped Heddwd seesa off’ prteretg’ or 2 
exsniw Xese Ons mot Yow aor bittw xoudo ent? shom seas" bi 2 
nzu3s sat pnfae £onF i aon bxkerzo % ei9 ot benut sd yan ah 
; . | AOS Sse eee 
ha). 
i azoqxe sit eaerq bee See BS tol emis etusoaxs end Ja% 


a hs’ ootet Iliw #008 BARES VbteLl eddy oF Betacol nossed 
Aver sit eaogke Sas mago ‘£Liw busi1095 att  brewi0t bresxe 
LA et nxutes [ilw © mel ed’ aout nts toe oft. 1902 zeTtAw w 
it e842 es gouh fl iw mercy ‘962 bas pasa 10g betopzjex 9: 
| bor Senex orig pf anxudet Are tie: f 
eb cy of 


17. Cycle the table to the forward position, and place the 
exposed wafer in the light tight case for future developing. 


18. Remove the glass mask and reinsert the test mask in the 
holder. 


19. Unplug the vacuum pump. Turn off the aligner power. 
Cover the aligner with the dust cover. Turn off the 
overhead lamp. 


20, Turn off the N5 tank valve and pull in the vacuum system 
exhaust tube. 


ace 7 Developing The Exposed Wafer. 


To remove the exposed photo resist from the areas adjacent 
to the the microstrip lines, the wafer must be developed. This 
may be performed in the clean room in 2436 Engr. Bld. This 
is a relatively simple procedure and is described here: 


1. Obtain the following materials: 
a. Exposed wafer. 
b. Plastic squeeze bottle of distilled water. 
c. AZ-Developer. 
d. 10 ml graduated cylinder. 
e. Small mixing dish. 
f. N5 blower. 


Pe Turn ‘on ‘oven to 120? Cc. 


fe ast oeehe beso luciton of  (D.L. H50) : (AZ-Developer) in the 
mixing dish. Approximately 15 ml of each should be 
sufficient. 


4. Place wafer in mixture and agitate until the circuit lies 
are well defined and the unwanted photo resist has been 
removed. Be careful not to develope so long that the 
photo resist is removed from the circuit lines. This 
should take approximately 5 to 10 secs. to completely 
develope the wafer. 
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5. Rinse wafer with D.I. H50 and blow dry with N>. 


6. Bake wafer in oven at 120 °C for 12 mins. This will make 
the remaining photo resist insensitive to light. 


7. After baking, place wafer in Pyrex dish and cover. 


8. Discard remaining developer mixture, clean dish and 
graduated cylinder, turn off oven and N5 blower. 


At this point the position of the microstrip lines relative 
to the edges of the substrate should be checked for alignment. 
In the event the circuit lines are skewed or otherwise improperly 
positioned, the wafer may be reused by cleaning the wafer as in 
the latter part of unit 5 and then repeating units 5 through 7. 


nat 6. Etching The Wafer. 


The metal cladding usually found on alumina substrates isa 
combination of a thin layer of chromium under a thin layer of 
gold. After the photo resist has been removed from the areas 
surrounding the microstrip lines, the bare metal must be removed 
imstne etching stage. —First the gold will be etched then the 
chromium. However, since the metalization must be removed from 
the edge of the substrate but not from the bottom ground plane, 
the photo resist must be removed from the edge without disturbing 
the resist on the circuit lines or on the bottom surface metal. 
This is accomplished by carefully scraping the edge of the 
substrate with the edge of a X-ACTO knife. This effectively 
bares the edge metal to be etched by the chemicals. 


KOK OK OK KK OK OK OK KK OK OK OK OK KK KK KK KK OK K OK OK OK OK KK 


Note: Up to this point during the chip production, the 
wafers may be reused by removing all photo resist 
as in the wafer cleaning procedure. 
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All chemical mixtures should be mixed prior to beginning the 
etching procedure. The etching stage should be performed in the 
eolid state Chemical Lab., Rm. 2434 Engr. Bld. 

1. Obtain the following materials: 

ae Two Shallow Pyrex petri dishes. 
b. 10 ml graduated cylinder. 
c. Large supply of distilled water. 


d. Weighing scale. 
e. Small mixing beakers. 


Gola Etching Solution. 


2. Obtain the following chemicals: 
a. Iodine resublimed crystals AR; I5 
b. Potassium iodide crystals ACS; KI 


3. In a beaker, mix a solution of I5kI in’ the ratvoror : 


4. Mix the total I5KI solution with distilled water in the 
following ratio: 


Suggested solution amounts: All of the I5KI solution to 
30°ml of D.I. H50 
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The above suggested solution amounts will produce enough 
etching solution to etch 2 wafers. Half of the solution 
should be used for one wafer and the remaining half 
saved for the other wafer. 


Agitate the solution thoroughly then pour the gold etch 
solution into one of the Pyrex mixing dishes and set 
aside. The mixed gold etching solution should be dark 
purple in color and be free of any undisolved chemicals. 


Chromium Etching Solution. 


Obtain the following chemicals: 
a. Ceric Ammonium Nitrate (CAN) ACS; (NH, ) 9Ce(NO3)¢ 


b. Glacial Acetic Acid NF; C5H,405 


In a beaker, mix a solution of chromium etch in the ratio: 


CAN Sev Acebt caActd ts EDGL.« H50 
: 45 ml ; 1000 ml 


Suggested solution amounts: 5 g of CAN 
Le2s: nwhiok AcetiarAcid 
Come OCA DL ami 


Caution: The Glacial Acetic Acid is extremely concentrated 
and therefore is harmful if poured on skin and 
fatal if swollowed. Handle with care. Pour acid 
only under chemical vapor hood and only while 
wearing plastic gloves. Do not inhale fumes. 


Agitate the solution thoroughly then pour into a second 
Pyrex dish and place next to the gold etch. The chromium 
etching solution should be yellowish in color and may be 
used for both wafers to be etched. 
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Place the wafer into the gold etch solution and agitate 
until all gold metal surrounding the circuit lines has 
disappeared. Then rinse with D.lI. H50. 


Note: It may take 25 mins. of constant agitation to 
completely remove the gold. Check the wafer 
frequently to be sure the circuit lines are not 
being etched by the solution. 


When the gold has completely disappeared the wafer should 
have a glossy, chrome surface everywhere except along the 
microstrip circuit lines and the resist covered ground 
plane metal. 


10. Place the wafer into the chromium etching solution and 


BE. 


wie 


nau. 9. 


agitate until the chromium surface has disappeared 
leaving the white alumina substrate underneath. 


Note: The change from chromium color to white will happen 
very fast. Usually around 10 seconds. After the 
chromium has vanished, Immediately rinse the wafer 
in D.I. H50. Delay at this stage may cause severe 
under cut of the chromium layer beneath the gold 
GLrcuntwiiniess 


Place the etched chip in a clean Pyrex dish and cover. 
Dispose of all excess solution and clean all dishes and 


beakers with a detergent. Return all chemicals to their 
proper storage place. 


Cleaning of the Finished Microstrip Circuit. 


The last cleaning procedure removes all remaining photo 
resist and water spots from the etched wafer. The cleaning 
procedure is as follows: 
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1. Obtain the following materials: 


At 
defects 


a. Plastic squeeze bottles of Acetone and Methanol. 
aA N5 blower. 
c. Excess solution dump dish. 


Turn on Ny tank valve. Adjust the output valve to 10 
peik 


Using tweezers to hold the wafer over dump dish, wash 
wafer top and bottom free of photo resist with Acetone. 
The remaining gold should be bright and shiny. 

Rinse wafer with Methanol. 

Blow wafer dry with N>5. 

Place cleaned wafer in Pyrex dish and cover. 

Empty dump dish in sink and clean with a mild detergent. 
Turn off N>5 supply. 


this point, the finished chip should be examined for 
in the gold circuit pattern left on the substrate as well 


as the gold ground plane on the substrate bottom. The resolution 
of the entire chip production process can easily be checked under 
a microscope. 
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Appendix A. Chemicals And Material Supply 
Information 


This section lists the locations where the chemicals and 
materials are stored and also all pertinent ordering information 
for restocking these items. 


Materials 


Ulano Rubylith RM3: 


Beeemon>: This is stored in the "screen" room in 
3559 Engr. Bld. 


Supplier: Master Blue Print Inc. 
810 Badger Rd. 


Madison; -Wisk.o2ens Phone: (608) 256-4884 
Size: AQsan x 15.02 
Price: A aie Bees De 


High Resolution Photo Sensitive Plates: 


Location: These are stored under refrigeration in the 
Duplication room, 2415 enor. Bld. 


Supplier: Imtech Products Inc. 
1295 Forgwood Ave. 
Sunnyvale, CA. 90086 
Size: 2e"x 2” *high ‘resolution glass plates. 


Quantity: 30 plates per box. 


Price: $20.00 per box. 
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Substrates: 


Location: These are stored in the supply cabinet in Rm. 
3559 Enon. Bld. 


Model #: 15-2504-1210 ALs O3 Alumina substrates with 
chromium/gold metalization. 


Supplier: Tek-Wave Inc. 
55 Charles Lindbergh Blvd. 
Mitchel sbieldgan vedi 553 
Size: (ees io x O25 4 eCheck 


Suentitys 12.per pkg. 


Price: ieoaiaeea. Ole $345.00 (per pkg. 


Chemicals 


Kodak D-19 Developer: 


[eeation: Thissis. stored: in the: “screen” room in 
3559 Engi. Bld 


Supplier: Available from UW stores. 
ScOCK MG. 2957 Salerunits  bogal. 


Price: $2.9476 per gal. 


Kodak Fixer: 


Pocatlton: | This!is stored in the “screen room in 
3559. Engr.«Blda. 


Supplier: Available from UW stores. 
Stocker 30277 ssale-unit: Sigal. 


Price: mo 2/059 per segal. 
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Photo Resist: 


Pecation: This is stored in the “cleanroom” 


BEng. (Bld. 


Model #: AZ-1350-B or Microposit 1300-17 


Supplier: Shipley Co. 
580 Bonnie lane 


Elkgrove Village, Ill. 


Phones (312) 956-6550 
Sreanurcy: 1 Ot, 


Price: $84.00 per Qt. 


AZ-Developer or Microposit Developer: 


Hocation: This is stored in the 
Brigie tubs’: 


Supplier: Shipley. eGo. 
580 Bonnie Lane 


Elkgrove Village, Ill. 


Phone?) (312)* 956-6550 
Saancity: 1 gal. 


Price: e220 wWeDper. dal. 


Iodine Resublimed Crystals AR; I5 


Gocacion: — Thais is stored in’ the "screen" 


265°. Engi... ld. 


60003 
“olean room: 
60003 
room 


Supplier: Available from UW stores. 
Stocigs? 2340 sake unit: 1/4 °Lb. 


Price: $5. 2926.per) 1/4 nb 
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Potassium Iodide Crystals ACS; KI 


Bereation: This is stored in the’ “screen” room in 
3559 Engr. Bld. 


Supplier: Available from UW stores. 
SLOCKW#F 2504"ssale Cunt 5oU0, OLrans. 


Price: $97 93352" per.500) grams. 


Ceric Ammonium Nitrate (CAN) ACS; (NH, ) 9Ce(NO3)¢ 


Eecation: This is stored in the “screen” room in 
Use) Eales ae geal ee 


Stock #: 16774-21-3 

Bupplier: Aldrich Chemical .Co. 
Da se BO xen O.) 
Milwaukee, Wis. 53201 


Myencity: 250 grams. 


Price: 2 Ors 


Glacial Acetic Acid NF; C5jH,05 


Location: This is stored in the "screen" room in 
S559 ENGI LC. 


Supplier: Available from UW stores. 
Stocks? 2008s "sale: unites io Des. 


Price: $8.8967 per 5 pts. 
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A special thanks to: 


Assistant Editor Tom McKay for his contribution of the 
reduction camera. 


Assistant Editor Dave McGinnis and Gert Hohenwarter for 
thei elvean room. 


Assistant Editor Yiwei Chen for his help with the 
developing and etching instructions. 
-and- 


The rest of the members of Beyer Labs Inc. for their 
advice and insight into this procedure. 
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